r^r ■^o.dVlo^ cocu^^ ^(hoJut^ O'ff'^iLt c-ro M.p-r 
/4)v<L pusttrn H^ 7-70 Yd cjJioci) JM^j?c >^03^. ^0^.^ 

^ ^ ^ tA!^ (''s-f /<L ncifH/'o-AyO T 

» I « I I I I I interoffice 

I d I i I g I i » t, I a I I I 

t I t I I 1 I I tn e fn r a n d u 11 



Tp? I'ist Uutei t'J Apr yj 

Depti dupiter Engineer tny 

UTN; (B.)'23i«t»44» 

Kilet KCIO.HNO 

Distributed! i«» Apr Hi ^ 

I't'ViSiODI M / Aa^i o-vx ^ <:r,W' -'<-> >-. ^ Ce<^^ 

Hifblecti KCIO Functional Uescrlptiuri ^ 3 



Tt)P trif orri.atlon In this document is subject to chantje without 

fiytice and should ngt tuj construeu db d commitideat Uy t'iyital 

I 'n'lpiM'hl Corpurattot^, hiMltdi t-^tiuipinertt Corporation assufnes 

fio responsibility for any errors that may dppear in triis 
Uocutii«nt, 

!U<jital s:quipnier)t Corporation assumes no responsibility for the 
ust? or reliability of its software on equipment that is not 
supplied Uy niGlTAL, 

Capyrlqht (C) lygo, I98i, 1982, jyei by Diyital E..|uip«ient 
CorpofOt lof! 

The toUowln'J are tradprnart-'-s of hlyital F:quipmei,t Corporation: 



UfGlTAI, 




tJECsysternn 


.10 


MAS.SHUS 


w.c 




I'KCtape 




UMNlHhS 


PI? I 




PI BUI, 




os/« 


DFC'ia 




FUlJiJ¥iiTt;M 




PfIA 


UMjBUS 




Kb IP CHIP 




HSIS 


COMpUTKf 


I.Ahii 


HJCAI. 




HSX 


C0MT!':X 




IfJDAC 




I ii f:;h:i-h 


UDl 




r.AHoi) 




1 ¥PF\SKT-tO 


DKCCUM 




hKCSY.'iTKM. 


■20 


r¥PFyh;r-ii 



KClo Kxec MocJr Instructions 
Hevlslgn History 



Page 2 



Cr»«ng«s niaue to revision 7 ot KCIO to create revision B on 01»Apr»03 

1, A(>d KXAHCHjMEM as a chapter, 

2, Add the opcode maps for the ir»struction set and clean qp 
the docu'Hent a t>it, 

i, Redefine so'ne of the microcode option bits In APHlh to 
reflect the new product qpais, 

4, Fe«iorder and re.format soH»e o£ the chapters to make the 
content more ioqical, 

5, Pcmovr the chapter on AdJrebS BrcaK ^na include the 
material as a sectiots lr> the chapter on payiny, 



Changes made to revision o 



of KCIQ to create revision 7 ot. 



1, Kxpanii on the leqal PXCl cases, 

2, He't'ove most ot the leyal t'XCT Ibi.'fl cases, 

3, Add the hDPAC and ST^'AC instructions to save aiuj restore 
previous context ACs, 

4, Move the description ot the physical fc;A.,calc algorithm tro» 
the chdfjter on queue instructions to the chapter 'on 
Miscellany, 

5, Make it clear that bit 29 In HUAPH and WNAPH actually 
exists in tlie hardware, 

6, Klx sof»e typos In wnCTX, 

7, Hemove support tor TDHSifiO padlnu and turn the wpKHh bit 
Into sontethlny that indicates which features we support, 

8, Describe the alyorlthm used to decide If there Is a valid 
mappiny for a paye uslny the result of a map instruction, 

9, Myve the trap enable bits In vijMKhh and wr^f'JHp from H apd <» 
to 7 and H, 

10, Klx some types in the list of additional data for vet'-)G tall 
Codes, 
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11, Declare l>lt 8 In each Pointer to be available to sottwarci 

12, DeUne the JI<STCI instruction as JMST i, to tiusn the 
instruction cache (read mux here) if the Instructiofi 
streaiK is Mtotfttled, 

13, Use the AC tield ol l.UPAC anU axPAC to specify the f'iqhest 
previous AC to transfer to/lrom, 

14, Add an IBOX flush for Pmuvkh, the queue instructions, 
WHlTTIi, and DUMpTU, 

15, Add ttie iUPf4nv and lUi>i'^yf* instructions, 

16, Add the description for the pDTHAX instruction, 

17, Fiiipjove trie docunicfitatlon ot Hiu;t^ and HfiGBW and indicate 
th«»t they now store an error code in AC if the AC field Is 

non-zero and the irsstruction times out the I/U bus, 

18, Add documentation for more microcode of^tion bits in ApKiU, 

19, Clarify the AC field assl<inwent table for ApHO, APHl, and 
AU'2 a bit, 

20, Add a microcode optlofi bit to APfun to indicate that 
unbiased roundlnq is ertabled, 

21, Allocate words 2b0»267 in the lU page for use by the ports 
duriny t»te self 'ChecKing process, 

22, Clean things up a bit and expand on things that are 
unclear, 

23, Add PUttHM, POpM, and P(l£>Hl|j 

24, Add brief descriptions tor each word in the EPT, bPT, and 
ig page to the pictures Irj the chapter on special yysteHt 
Pages, . 

25, Add a descriptlor* of trie InterrufJt re'juest protocol used by 
the ports, 



Changes made to levlsioit h of KCIU to create revision b on 
0H»Mar-M2, 

1, Declare XUbT to be legal In section 0, 
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2, Document the tUtferences between the KL and KC 
iHiPiementatlon of JI'S'i n,, Aiiow SKM in any section. Add 
ttie XjHST (jMST 15,) instruction, 

3, Document the occurrence ot an IhOX tlush on whcTX, WHKHH, 
CIjHFT, and SWl'IA, 

4, Hedesiqn the WHTMfi and HDfMb instructions. Add the WhACT, 
HUACT instructions, 

5, Heniove the 10 bit KA restriction from I'move and fMUVtM in 
section 0, 

6, Dgcurrcnt tt)e changes to the Xeqal rxCT bits, 

7, crjanye SK'icu from 700loo,,o to 701000,, o, 

8, Chanye HDUhH from 700040,, to 701400,,o, 

9, crianqe the format of K*l of the wmctx, ui^Cfx, ^nd mddhi^ 
biocks to match that of tne first word of the flaqs/PC 
double word, 

10, "ake UPUVtVUMUVKM qenerate an iJ legal instruction trap if 
executed in user mode, 

U, Add functional descriptions for whCTX, WKEbH, whTMB, and 

12, Change the polarity of bit 10 returned in the map 
instruction Ac, 

13, Remove function code 3 frow the trap function word, 

14, Memove the "do not load current AC block values" bit from 
the interrupt vector word, 

15, Move the control bits around in word t: of ttie WF^CTX (and 
HUCTX and HDUHH) block to make it easier to implement, 

lb. Remove the "do not load AC block values" bit from the WRCTX 
block, 

17, Move the mappiny tor exec pages 0«3J7 with tOPs-10 payinq 
from Words (joo«7?i7 i?i tne KVl to Q^Vyl in the KFT, 

18, Remove tJie "KPA present" from the hardware options field if, 
APHID and put it in the microcode options field, 

19, Remove the JKN instruction, 

20, Redefifie tite algorittim used to compute a physical adrJress 
tor PMUVK, PMUVtM, an<i the yueue instructions. 
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2J, Redefine words 153»454 In ttie UPT (page fall block) to be 
"additional data" returned on a page fail, These words 
will be different for each type of paye fall code and tin 
be docurisented as sucis, 

22, Modify Mliun, page fall, I/O paqe fall, and traps (Mijuu 
function) to "load" PAB instead of "setting" It, 

23, Make super section Pointer types ) ( iwinedlate) and 3 
(indirect) leyal, 

24, Start the page fall block In tfie UPT at offset 4bl Instead 
of 450, 

25, Change the page number field lr> an immediate pointer from 
bits 20w3b to 18»3S, 

26, nocument the format of the "page address word" encountered 
In Pointer traces, 

27, Add a description of the debugging instruction Implementei} 
by the microcode, 

2H, !,tcscribe the paying inloriMtion cache, 

29, Change trie format of the page fall word to include the 
"level" at which tlie page tali was detected, 

30, Describe the caT update operation, 

31, List the processor flags in the description of the KJags/PC 
double word, 

32, Define the page fall codes for t0Ps«2U paying, 

33, Describe bits 0*10 of the page fall PMA as "reserved" 
Instead of zeros. They come back undefined from the Mhux 
and it didn't seew particularly necessary to mask thefti 
since the monitor probably wyn't use the word anyway, 

34, Ngte tiiat the trap i and trap 2 flags are never stored in 
tfie LllUO/MUUU block when a trap that specifies function 
code J (Munu) or 2 (lUVU) is processed, 

35, Note that an Instruction that references multiple words 
ff^.y.p HIT) wiu not causp an address break for Pvery worn 
in the address break range if the monitor restarts trie 
instruct lort with the "lnhlt)it address break" flag set, 

3e>, Add r.n«' trap enable hit to WHKliH and um:m UDd explain how 
It Works, 
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37, Add descriiaions for tfie debuyyiny instructions puthax and 
WHTKAX, 

38, Add a new chapter for r'isceiiany and start it by describing 
the halt status codes, 

J9, Change the tor«'at ot the l/U page fall hiocK to make it 
wore consistent with the normal paye tail block, 

40, Docuii-ent the eftect ot a write reference for the various 
combination of written and modified bits in the translation 
buffer. 



Changes matip to revision 4 of KCIU to create revision b on 
l8»Auy"Bt, 

1, Ad<i the definition of the bits returneei by the map 
Instruction, 

2, Define bit o of the rnicrocode options field in Al'fllt as 
•diagnostic wlcrocode loaded", 

:», Move the re»alnln<j f,v\^ fjay bits in WHAPP and FDAPH to bits 
30 and ix to right Justify them in the field and roa^;e them 
contiguous 

4, Add the «VM mode" state bit as bit 10 in word E for WHCTX, 
HPCTX, and f<DUUH, Also use UPT location 431 as the Vm mode 
new PC Muun dispatch, 

5, Add a statement that payer clears caused by CLPPT and wpt:bp 
ignore the keep tne bit, 

6, Declare the results of executing a ijMUVt or liMUVf'"M In user 
mode as undefined, 

7, nefine bit ly in the hncb? Instructions to perform « port 
Inlt for the port specified by bits 33*35, 

8, Put an the accounting nieter stuff under an "available with 

the accoUnll|,:J meter oftlur-, only" disclaimer, 

9, Pemyve the «port Interrupt loMout wgrd" froi" the l/d page 
arid iitid "lort Interrupt PI status words", 

10, Fefiove the SwPVA Instruction from the Instruction set, 
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11, Cfjantie the spec to Indicate that no flags are loacJed on a 

LlJl'U, 

12, Move the address breaK concUtion lilts irom 0-7 to 10»i7 tn 
trie WHCTX/POCTX argument , 

U, Require that pa^lny be turned on to load the address break 
conditions with WHdX or to r«ad triem with HDCTX, 

14, I'earranye the wrctx cor*trol bits, 

15, Rearrange the hits in Hngb and HN(;hw one wore time, 

Ife, Pef'ovc the cache look ond load hits froiii miEbU and VVKliK 
and the Tb cachahle bit frotP the paye table pointer and add 
cacJ>r on/off controls hits to WKKHH and KUKliM, 

17, Do not cause an Thox tlush as the result of a cache sweep 
lristructloi>, 

IB, Mefnove time base 1 completely and remove the time base 2 
Words m the FpT (ttiey*re How kept strictly ifi PHPX 
scratchpad locations), 

19, f<edesl<)n thf tifnc tiase and Interval timer instructlotss, 

20, Add ttte F<PliPTM instruction to read the user runtime meter, 

21, Add the page fail formats, 

22, F<eniove the discussion of the ijhA trom the interrupt vector 
definitions. 



Changes made to revision i of KClC) to create revision 4 on 
iOwAprwBl, 

1, Reserve bits 0«lO of the llpK words of physical queues, 

2, Chanye the console reload bit In HNGh and pngbw trow bit m 
to bit 1«, 

3, Describe tfse relationship hetWfM'ii tht> effective addrpss 
calcDlatlor! an<3 the reference address for tiiose 
Instructions th.^t usp the fA as a phvr.ical address, 

4, r^eserve bits 0*10 of AC for the quffue Instructions and 
define tnr action on t>lt n in the AC on an empty/nonwetiipty 
queue. 
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5, Dgcument tf»e Miiup HocK and the new FC dispatch vectors, 
Chanye the spec to refject the new dispatch algorithm 
approved py the architecture committee, Move the page fall 
locations trow location startln'J at 440 to locations 
start iny at 450 to tnake room for the new mihkj dlspatcn, 

(», Docuiiierjt the Lmin piock tor'iiat and the action of the 
processor ty an Mina, 

7, Clean up tf.e trap function word detlnltlons and change 
functions 1 and 2 to ayree wltti the decisions of the 
architecture committee, 

8, Clean up the Interrupt vector description and document the 
format of the I/O page fall block in the I/O page, 

9, Clean up the «iueue instruction explanations, Thapk You 
Judy (lall, 

10, Medo the entire chapter on vlrtnal *!<ldri»ss 1 no (flnd fenawp 
it "paging") to add mucn more Ifjf oniiatlon, 

11, nescrlhe the changes to the MAi- Instruction, 



Changes made to revision 2 ot KCru to create revision 3 on 
l9»Mar*0M 

1, Add the SKTCU Instruction to set the CPT update needed bit 
In eacri page table entry, 

2, Note that FMDVE, PMOVKM and the physical queue instructions 
do not cause the CST to be updated, 

3, Peniove the iNSOUF and MJiMUUK Instructions and the 
references to virtual gueues, 

4, Add Pictures for the EPT, hpT and i/n page. Also provide 
separate picture tor T()PS«10 and Tfjpa»20 for the first two, 

5, Change the format of tfie trap function word that simulates 
a Lt'uu to specify the opcodt? of ttse LDUO to be used in trtf 
function word. 



6, Ctiarsge tt'e definition of the yueue iiiatilfsu lat lofi 
InstructlqtiS to skip return If tne efitry has been 
successfully added to ttie gueue with bit n ifi the AC set if 
the entry was added to ati empty gueue. The Itistructlon 
will not sKlp If the secondary interlock was timed out, 
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Changt's made to revision 1 o£ KCjin to create revision 2 on 9»Mar»Hl: 

1, Add definition of "reserved" fields of instruction operands 
atid data, 

2, Define all nits of instruction operands arid data, 

3, Add ••KL/Ks cottipatlhiUty" section to each itsstructlon 
descriptiorit 

4, Add an enable bit to load the CPU PIA In WPAPR, 

5, Cfianqe the pa<je nupitser field for wpcrx, wmEHH and wpiop 
frof nits 18»JS to bits 20-pJ!5 

b, Hemove the corotcltment to make a PXCT ot a CLPPT work, 

7, nefine what "TaPSwlO" paqiny really means, 

8, Ctianye the "tnterrupt 20H0 console" hit In RNGB and pncjmw 
from hit IW to bit i? , 

y, crianye the descrlptlof) of trie operation of pMOVK and pMUVKM 
to do a normal effective address calculation atui use the 
result as a physical address, 

10, Chapqe the definition of WIUUP from an iminediate raode 
instruction to one which takes its data from the word 
addressed by E» 
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UMCOdiis iu the range 7Q0 through 7J7, Inciuslve, are prlvHeged 
oPCoUes whicf) are generally used to control internal or external 
devices related to the hardware Itseli, 

Upcpdes in the range 740 through 777, Inclusive, are legal In both 
exec and user myde, hut only a few instructions are currently defiried 
in this range. 
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Please read this 



in souse If^stances, tieUJs of tr.p qperaruJs of an iristruction or fieiUs 
01 tUn values retur«>e<J by an instruction are described as "reserved", 
This means sifnpiy that no yuarantee is made pf the correct operation 
ot an instruction whose "reserved" tields are set nontzero loy the 
proyram yr ot the state of the hjts m the "reserved" tieids returned 
by ah instruction, if you wish to experiwent and find a result to 
your likiny» you are hereby warned that your proyram may wen not be 
eo*patit>le with any other processor^ with any other »odel ot your 
processor, with the sanie «no«^ei o^ Vour processor at some other 
installation, or even with your own processor runniny at some other 
iXtvv With a dittcrcnt versiori of thp microcode or Monitor, 



wtidjij the definitiot* ot a bit is uiven in this document, that 
detlnltlon applies when the bit is set to a i (unless explicitly 
jitdted otf>erwlse), if the hit is set to a zero, the logical 
co»Pie»Cht ot the definition applies, For examnie, bit H in word !•; In 
AFHIU below is described as "THACKb (PC trace) microcode present". 
This weans that the thacks feature is present in the microcode if tho 
bit is a 1 and not present It the hit Is a 0, 



INTHUnilCTION 

Upcocit> asslynttient maps 



Fage 1«J 



Upqode assliiiunent; map 








1 


2 


3 


4 


5 


(i 


7 


000 


UUQ 


LUUC 


LUUO 


LUUO 


I.UUU 


LUUP 


LUun 


Luun 


010 


lAHiU 


titun 


i^iiua 


LUUO 


IjUDO 


IjUUO 


I.UUU 


LUUO 


o;^o 


l.tlUU 


LUUU 


IjUUD 


LUU{} 


i,uuu 


LUUU 


I.UUO 


luuu 


030 


LUllU 


LUIIO 


Lfiun 


Luun 


hUiU) 


liUUD 


UUUO 


LUUU 


040 


uuo 


UUU 


UUO 


UUU 


UUO 


UUQ 


UUU 


UUU 


ObO 


Ut'Q 


uuu 


UUO 


UUU 


UUQ 


UUO 


UUU 


imo 


ObO 


UUQ 


UUQ 


UUU 


UUU 


UUO 


UUO 


UUU 


UUU 


070 


UUO 


UUQ 


UUO 


IMIU 


IMJU 


UUU 


UUU 


UUU 







I 


2 


i 


4 


5 


u 


7 


100 


f'MQ 


!!!»U 


(5FAn 


GFSH 


JRfS 


Af>a9P 


cjrMp 


GFi>V 


uo 


UK At) 


UKSH 


UKMp 


Df-'UV 


DAUU 


U5UB 


UMUL 


uoiv 


12U 


UMoVfc: 


UMUVN 


(•IX 


hXTKND 


UMUVKH 


UMUVNM 


I-IXH 


Mi'lP 


UO 


UtlO 


UUU 


rye 


XUP 


IhOU 


LOO 


lUpti 


upu 


140 


KAP 


UUO 


KAUM 


KAUH 


KADH 


[■ADPI 


FAUMM 


KADPH 


IbO 


I'SU 


UUO 


FiUlM 


KSUf 


FHHH 


rSHPl 


fSUPM 


ESHPB 


1(>0 


rm 


UUQ 


FMpM 


FMPH 


KMPp 


KMPPI 


r-MPf^H 


EHPHU 


170 


KUV 


UUU 


n>vM 


KUVH 


KUVH 


hUVPl 


H)VH« 


tUVPU 




(t 


\ 


2 


J 


4 


5 


b 


7 


200 


movf: 


MOVJ'J 


MdVKH 


MOVFS 


MUVS 


MOVSl 


MnvsM 


MOVSS 


21U 


'10 VN 


fnJVf'l. 


MnvNM 


MOVHS 


MUVH 


MOVMl 


MDVHH 


HUVMS 


22U 


i'Hil. 


IfUJM 


iMUI.t! 


XflUlJJ 


MUL 


HULI 


MUL.H 


MtlLU 


230 


nnv 


lUlVl 


JPIVM 


lUlVb 


UJV 


UIVI 


UIVM 


DIVU 


240 


ASH 


HOT 


L.SII 


jri-'n 


A sue 


POTC 


I.SHC 


mm 


2hO 


»':xCH 


MM 


AOBvlP 


AOHJN 


ilPST 


vJKCL 


xct 


MAP 


2t)0 


t^'JSIM 


pusu 


POP 


POPJ 


JSP 


JSP 


USA 


JKA 


270 


ADD 


ADUl 


AUDM 


A DDK 


sua 


subi. 


suyH 


5UUH 







1 


2 


3 


4 


5 


6 


7 


300 


CAJ 


CAil,, 


CAIE 


CAH.t; 


CAIA 


CAIt;K 


CAIN 


CAIU 


310 


CAM 


CAMl, 


CAME 


CAMLK 


CAMA 


CAMCK 


CAMN 


CAMCi 


320 


JUMT 


JUMpL 


JttMPt 


JUMPLK 


Jf.'MPA 


JUMPGE 


vJUMpN 


JUMPG 


J 30 


SKIP 


SKI PL 


SKJpt 


SKlPLt 


SKI PA 


SKIPGE 


SKXPN 


SKIpii 


340 


AfJJ 


Argi. 


ahjf: 


AOJ!,fc, 


At) J A 


AOJGE 


AOJN 


Aouc; 


iUO 


A OS 


AUSI. 


Aost: 


AUsi.t: 


AUSA 


AUSCK 


AOSN 


AUSU 


3bO 


auj 


SOJI, 


SC'UF 


SOJLK 


SOJA 


SOJCJE 


SOJN 


sugc: 


370 


SOS 


SOfiL 


SOSK 


SOstfc: 


SOSA 


S05CE 


SUSN 


sogc; 







I 


2 


3 


i 


b 


b 


7 


400 


SITZ 


SKTZI 


ak:TZM 


mytzu 


^nu 


ANUI 


ANUM 


ANUU 


410 


ANUCA 


ANUCAI 


ANUCAM 


ANUCAii 


SK'l'M 


XMOVEl 


SEl'HM 


SETMti 


420 


AMUCM 


ANDCMl 


ANUCMM 


ANUCMB 


SFTA 


SKTAI 


SETAM 


SETAU 


430 


XOH 


XOHl 


xnpM 


XOKB 


XDP 


iOHl 


iOHM 


lUpll 


440 


ANUCU 


ANUCliJ 


ANUCHM 


ANUCHB 


tuv 


EOVl 


tUVM 


EUVU 


ibO 


SFTCA 


SKTCAI 


ariCAM 


3F"tCAH 


DPCA 


UPC A I 


OPCAW 


OpCAt* 


400 


afc;TCM 


SI^TCMI 


Stic MM 


SETCMb 


Ui'CM 


URCMi 


ORCHH 


UHCMb 


470 


UHCB 


UPCM 


U!!Cf(M 


UPCHB 


SFTO 


SKTtU 


SFTUM 


SETOb 



INTHUDUCTIUN 



Faye i»4 








1 


2 


J 


4 


5 


6 


7 


500 


fILL 


XHH,I 


HMM 


llliLS 


HHL 


HHl,I 


HRLH 


HHUa 


510 


Hl-LZ 


HLLZI 


Ill-LZM 


Hl,LZS 


UFIZ 


UpLZI 


HfazM 


HPJ.ZS 


520 


HLtU 


liLLCU 


iU.L()K! 


Hi.Lns 


HHLO 


HFLOI 


MHI^OM 


HHi^OS 


530 


HLLK 


m,l.El 


HLLF;f^ 


Hi,i,t:j} 


UHI.K 


HBLKI 


HHI^flM 


HHLF5 


540 


HMH 


MHHl 


HMHM 


URHiS 


Hl-H 


HL»HI 


HLHW 


HI.HS 


SbO 


MRHZ 


HHHEl 


tH^HZf''^ 


UNHZS 


Hl-HZ 


HUKZI 


HLRZM 


HLH7.S 


560 


IIRHt^ 


MRHOi 


HMFOM 


HHHOjj 


!ir=HO 


HLfJOI 


HLHDM 


Hiipns 


570 


llHHfi' 


liHHtl 


UHHKW 


HHHKS 


HLHE 


HlHEI 


HLHt:M 


UliHKS 







1 


2 


J 


4 


5 


6 


7 


&00 


TPN 


tin 


TRNK 


TUNf: 


THNA 


TIjNA 


TPNN 


TLNN 


bid 


TDN 


TSN 


THNt: 


TSNP: 


TUNA 


TSNA 


TPNfJ 


TSNN 


020 


TMZ 


TI.Z 


trzf: 


T12F 


THZA 


TLZA 


TPZN 


Hi2N 
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UUO 


UUO 
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MOVSHvt 
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XUtT 
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GKIX 


GDKIXH 


GKIXK 


UGH/rP 
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GF3C 
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Ut>code assl^JiKi erit (raps 

For opcodes 700*702 (Al'HO, APUl, and APH2), the AC field is decoded to 
produce '6 possible instructions, The followinq table tUves the 

instructloiJ icnefnonic for each AC decode, 

AC l-ield Assiynments 

AG AI^HO APHt APH2 

atTCli HDSPH 

HUCTX HUCSb 

CLHPl HUPUM 

WPCTX HHCSTM 

WHtBH HDTMH 

HUfcihH HOiNT 

rtlUDF HPTIMt: 

HhlOP MOUHTM 

HHUnp WPSFH 

SWPIA WHCSH 

UUU WHPUH 

5WPUA WHCSTM 

IM)U WHTMH 

UUU WHINT 

UUO whACT 

UUO HDACT 



ou 


APMIU 


Ul 


UUU 


Q2 


UUO 
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IMIfl 


04 


WPAPH 


Ob 


HUAPH 


OU 


aZAPH 


07 


SNAPH 


10 


UUO 


11 


UUO 


12 


UUU 


li 


ttuu 


14 


WWPI 


Ab 


HUP I 


lb 


iiZPl 


17 


SNPJ 
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AFHOf APHl, AND APH2 iNSTHUCtlONS 



Thii Chapter describe* the aPRO# APPl, and AMR2 Instructions (opcodes 
70y*702) Kfiich cor>trol the internal processor devices, The AC field 

ot these instructions is decoded to produce l-ofolb Instructions, 

All instructions in this set are privileged Instructions which are 
typically ex*?cuteU In exec wyde, {jome instructions are leqal in user 
rtigde it the USKP I/O pC tlan Is als© set. 



AHHO, APHt, ANU APH2 INSTHUCTIUNO Vaqe 2«2 

AI^HIU 

2,i AMFII) 



I 700 J 00 I»l XH J Y i 

This instruction istores the microcode version nuuiber, Cl^i' serial 
(juitibeff and prQcessor options In the words addressed by ii; and &♦!, 
Ttie torfiuit ot tt'C tirst iord (K) is: 

OfB iTscrved tor microcode options, 

Uiaunostic microcode Joaded, 

1 Unulased roundiny microcode enabled, ' 

fe XJHSTK debuyyinq microcode present, Tfiis iiiicroco<!e is a 
debuyyiny aid that generates a paye tail to the monitor It 
bits J3»17 ot the tlags word «re non-zero or if the CAM 
and HAfii field are (>oth zero, 

7 Uebuyyiny instructions prtisent (HtAUTB, WHiTlb, etc,), 
See the chapter on Special Debuyyiny Instructions for a 
description of each instruction, 

8 THACKa (VC trace) microcode present, see the description 
of the WHTKAX and HDTHAX instructions in the chapter on 
Special Debugging Instructions tor more information 
concerning the control of this feature, 

^•17 Hardware options U)T--> . 

I8«i35 FrocessQi: serial number -^i^^-^ 

The fortnut of the second word ({•"'♦ I) isj 

0»^5 Microcode version number o.i^xXU-ctvy'ijL.A '^<c \G(i -^ , 

? 0^ 

KL/KS coiiipatibility 

The Kl., and KS returned tflcrocode options, microcode version nuR't!Pri 
hardware options and processor serial number in one word, The ^C 
rKturns two words and detlries different riardware and microcode option 






Al^HO, AFH!, AND APH2 iNSTnUCTIUNS 
WHAPH 



Mage 2»3 



2,2 WMAI'H 



I 






>4 
i 



This iifldtetiAate mode instruction decgties its effective address to 
^ontfoj the processor, The effective address t^its are used as 
fPiJowsi 



IH 



20 



21 

22 
23 
24»Jl 



24-2« 
29 



JU 
31 

32 

J3»35 



Load the PI asslynmcnt for the Cinj froii< bits 33»3'j, 

'U reset, Khen this bit is set, "reset" Is asserted on 
The KCio T/0 bus, This wiu reset all the port 
Biicromachines (hut affects no internal devices, such as 
the payer anU processor flags), 

fe-nabie trie APH conditions selected by bits 24 thru 31 to 
cause interrupts, 

Disable t()e Al'H interrupts tor conditions selected by bits 
24 thru 3i, 

Cjear ttie APH flags indicated by bits 24 thru 31, 

set the ApK tlaqs indicated by bits 24 thru 3), 

Selected flays. These bits represent individual APH flaqs 
ttiat can be set, cleared, enabled, or disabled with the 
appropriate combination of bits 20»23, 



Heserved 

"nassigned App fj 

Console attention 

I'ower failure 

Heserved 

PI assignment for CFU 



a, H^^JL^^^'-^- 



^ 



CAUTlUfJ 

Tfie results of executirty a WHApp 
instruction are undefined if the wpAPH 
argument nas both bits 20 and 21 or bits 
22 and 23 set, There is no logical 
nieanlng in attetupting to both enable and 



Al'lUl, APHl, AMU APH2 INSTF<UCTIUN3 
WHAl'H 



t'aye 2*4 



disable the same conditions or In 
attempt4nq to both set «ricl cXear the 
same tlags in one Instructioji, 



o \c ^ 



Kii/KS qoBipatiblllty 



(t the cmi I' I A, I he KC-oii^ sets the 



The KJ- and KS uncontUtionaiiy sei 

I^A \l£ bit L8 is on. The KC also detines different flags in bits 






APHO, Al-'Ht, AND At'HZ INSTHUCTIUMS 
KIJAI'H 



t^age 2bB 



2,3 HUAFM 



J 
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T(4s Instruction stores the At'H status In the woru addressed i>y 
Th@ ft^itus is as toHowsi 



0»S 



6-10 
11 



12 

li 

14i23 

24»3l 



24»2B 
29 



io 

31 
32 
33»iS 



Heserved 

interrupts enabled. These bits indicate which of the AI'M 
tlays are enabled to cause interrupts, 

Reserved 

Uhassigned AHf flag 

Console attention enahied 

I'ower tdixure enabicid 

Heserved 

intrrrunts Pcndlnq, These bits indicate whicl' of the hW 
tlays are ^re^equestlng a»i interrupt. 






Heserved 

unasslyneu aph flag 

Console attention 

I'ower taliure 

Interrupt requested (lup of hits 24»ji), 

1*1 assignment for the CPU. 



S) 



KL/KS compatiblUty 

The (Kt' defines different flags In bltii 24- J1, 



'K^ ? 



APHO, AFH1, AND Al'H2 INSTPUCTIUNS 



yaqe 2»6 



2,^ SZAl'H 



i 700 i 06 lij XH 1 



PW + 



7 



This Instruction tests bits 18»35 qf the APR status (as indicated 
ujiUet.^HliAt'FO against bits 18»J5 ot K, if ail status bits selectisd by 
"ts ifTt^re OS, the next instruction in sequence is skipped, 



U>/¥.& CQWpatibiUtY 

Kunctionaily idcnticaj ty cnusz M>H,k, 



fiouJ cl^ijL (j'to -^ ''( " ^ I ^"Xx' 



'j. K^K c: 



; ) 



lb 



'S: o ('■i oJ oj^si c(o I't ^ oi c^/7/ Xo^/0 



n-? 






AFHO, APH1, A^M) AI'H2 INSTMlJCTIONfi 
iiNAI^H 
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t 



ThU ifjstructlun tests bits 18!»35 of the APR status (as iruUcated 
^lUuiwr-^-WiAii^) aqalnst bits IB»35 o£ E, It any status bits selected by 
IS In t Is r^=»<r)e next Instruction In sequence is skipped. 



KL/K3 cotnpotlbmty , 

KunctloHdHy loentlcal to CfJNiiU AFH,t:, 



AHHO, ApHl, AND Al'H2 T NyT!<UCT JUNfi 



fage 2"f8 



2,6 WHia 
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i 



This Imrtediate (node instructipn decodes Its eftectlve adiJiress to 
contryi the priority interrupt system, the ettectlve address hits are 
used as tuilov&i 



t8-2l 
22 

2 3 
'2 4 



2 b 
26 
27 
2U 
29*3S 



Peserved 



luviyctT pro<JT^rTfr~TSxHC^^re) requests 
seljfected by is In hits 29«Jf», 



on 



trie PI lRvej.s 



CI e a r T! sVstern, 



initiate proyram (sottware) interrupts on the pi ifveis 
selected hy is in hits 29»ib, Such Interrupts vector 
ttfouyh the 8ottwar«> interrupt vector words in the f/o 
page. All interrupt is not initidted on d ieyei unless tUa 
t'l systt'fn and ttie requested level 'ire on. 

Turn on the PI levels selected by Is in bits 2y»35, 

Turn otf ttie Pi levels selected hy Is in hits 29*35, 

Turn ptf PI system 

Turn on pi system 

Selected Pi levels to be aftected hy the control of bits 
22, 24, 25, and 26, ^/tcuL ^^ - ^ 

CAUTION '^ 

The results of executing a wppi 
instruction are undefined it tfie wppi 
aryuriient has botts bits 22 and 24 or bits 
25 and 26 set. There is no loqlcal 
meaning in atteinptiny to both clear arid 
initidte software rtqucsts or in 
atteaipting to both turn on and turn ott 
^'I levels, 



IL^ 



I t_t 



1 



Lo 






4. 






^ 1 ^ V ' '- j • ,, 






AfU) APH2 INSTMUCTIQNS 



Page 2i»*^ 



KL/KS compatUdUty 



The Kl. useu bits 18p2o to torce parity errors, The KL initiated 
Interrupt on a level as the result ot a I In bit 24 even 11 
SpecitleU level was o£f, Althou«3h the Ki> is (Jocumented to act in 
sawts warmer f It did not Initiate tt)e interrupt unless the level 
Oh, 



an 
the 
the 
was 



AI'HO, Al'HI, AMI) APM2 T WSTFUCT lUNK 
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This Instc-ffTilon stores the PI status in the word addresseU uy K, Thr 
status isfa Ipllowst 



0»10 
11»17 

18*20 
21*27 
2B 
2y-35 



Heserved 

i'l levels pn which pro'jram (sottware) requests have been 
ntaUe, 

Returned as zeroes ^A^'^-^'^ 

I'l levels on which Interrupts! are .HVStn progress, 

t'l system on, 

11 levcJs whlcf) have been turned on. 



KL/K5 co«'PatihiUty 

Tlie KU returned the state of the forced parity error Ults in bits 
IB«20, Otherwise, it is functionally equivalent to CONI PI,K on the 
KL and I'UtM t: on the KS, 



ApHOi Al'HJ, Ar-M; AI'H2 INSTRUCT jUfJS 



'aqe 2«»11 



2,8 SZPi 
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I 



This instruction test$ bits J8«t3S of tne PI status (as indicated uruJer 
HDFi) agciinst bits iB»iS ot £, it all status bits seiected by is in K 
are os« the n^xt instruction in sequence is skippecj. 



KI./KS cenipatibiuty 

Kunctiotfaliy equivalent to cuwaz Pi,t„ 



APHO, Af>Hl, A^D Al'M2 INSTHUCTIUNS 



^♦aqe 2*\7. 



2,9 



SNPI 



{ 700 i 17 }i| XH i 






This instruction tests bits 18«35 of the PI stjiiijs (as ifuUcated under 
kxi iiinst bits lBi>i*> ot fc:. J ,i-» BV otot -WiU)lt&^ selected by Is in K 




the next InstructTon In sequence is skippecj. 



KuncttoridUy egulvaient to cuns(! Pi,fc, 



AJ'HO, APH1, AMD APH2 INSTI^UCTIUNS 
SfcTCU 
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i 



This Instruction causes the "CST up«jdte needetJ" bit to be set In each 
entry in thf? hardware translation bjtrt-**r so that the tlrst virtual 
rejter^iice to each paye will cause tt>e/KHUX/to update the CST entrv tor 

^'*« ^»««*' ^Jll 

Tfiis instruction l»lQCkS further CPU activity until an bits are set in 
ttie translation nutteri 

The actions pertormed by this instruction are as follows! 

1, Set the »Cf»T update needed" hit in each entry in the hardware 
translation butter, 

2, Flush and restart the JHOX, 

The indirect, index re<Jlster» and Y tleids of this instruction are not 
used and are reserved. 



Kl,/K.S coHtpatihillty 

No functional equivalent on the KL or Ki>, 



AFHO, AFHl, AND AI'H2 INiiTIUJCTUKiS 
HDCTX 
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Thi« instruction stores the user process context in the five words 
eadressecj by E through f:*4 in exactly the sane lor»at as used by 
WHCTX, if) order to dHo* these wprds to be used directly m a whctx 
instructlom bits 0«2, 5, H, and 9 are set to l and bits 3, 4, and 7 

are set ty InCKi \ \ i 

^ i^ CAtlTlUN 

f'aylriy must he enabled cwUh WHtbH bit 
4) to read the address break conditions, 
It paging Is not enabled, the values 
returned In wor<Js p:42 throuyri fc;>4 
(address break conditions, lower and 
upi^er address bounds) eire undetined. 



The tor^at Qt the first word (K) is? 

Heturned as a l (load CAb/PAb tn whctX), 

Heturned as a J (load yCii in WHCTX), 

Heturned as a 1 (load UBH In WRCTX), 

Heturned as a O (unconditional pager clear In WMCTX), 

Heturrsed as a (inhibit tneter update m whctX), 

»i ^l^oM f^ Returned as a l (load VM»mode in WMCTX), 

virtual machine mode (VM-mode) enabled tor this user 
context, 



7 

H 
9 
10 



Heturned as a o (inhihlt address break in whCtX), 
Heturned as a t (Load address break conditions Irt rtMCTX), 
l<t>turne<i as a ! (load address break enable in WHCIX), 
Address break enabled, 



Al'HO, Al'Ht, AND AFM2 INSTPUCTIDNS 
KPCTX 



t'aqe 2»1?) 



11*17 
lB-35 



Heserved 

l^ltystcdl page number of UpT, 



Tht! torndt 01 the second wprd (64 1) Iss 

0*n Heserved 

i«p20 Current AC block 

2l»23 Frevious AC block 

24«35 l»revious Context Section 



Tnt' lorr'ut of the third word (fc;*2) is; 



10 

u 

12 
U 

14 
lb 
lb 

17 

lH-35 



Heserved 

Address break enabled tor a normal fetch of an Instruction 
In the liroyrdiii under control ol I'C, 

Address break enabled for any reference tridt reads except 
the norm*!! fetch of an Instruction^ 

Address break enabled tor any reference that writes, 

Address break enabled for a reference made in user virtual 
address space, (O implies executive space). 

Address break enabled for a reference made by the CMn to 

memory, 

Address break enabled for a reference ma<Je by a port to 

metrtory, 

Address break enabled for a physical wewory refer«*nce, ((^ 
Itnplles vlrtuai memory references), 

Coiiipare only ►>its l« through 35 of the reference address 
with the address r«"ye when doing address compares. 

f'cservcd 



The forf'ut of the fourth word (f+i) Is? 
0»5 Reserved 



APHO, AFH1, AND Al'H2 iNSTf^UCTlQNS 
HDCTX 



I'aqe 2»!6 



ti-JS 



T(M^ lower bound bredk udUress, 



Tfie (orrflut of the tltth word (t^+4) isj 

0»5 Hesefved 

^••35 1'be upper bound break address, 



KlVKs compatibility 

The t(L returnrd current and prcvioua AC blocks, previous cont«xt 
section, aPd the physical page number ot the upt wUh a DATA! PAG,fc;, 
Address break conditions were returned with a UATAT APH,fe:, The KS 
returned current and pruvious AC blocks, and the physical paue nywher 
of tlie npT with a HhUBH K, The KC MOCTX instruction combines the 
functions of these Instructions, 



At'HO, A^^HI, AfM) APH2 I NSTIUJCT 1 UNg 
CLHPT 
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This liiKiiediiite mode Instruction clears tne hardware translation buffer 
«ntry tor the virtual page addressed by E so that the next virtual 
reterfence to a word in that paqe win cause an t-BOX paqe fail trap to 
occur. 

The trunslatlon hutfer "Keep tne" bit is i<inore(3 by this Instruction 
anU an unconditional clear is done. 

The actions perforrtted by this instruction are ris followsii 

1, Clear the translation buffer entry tor the virtual paqe 
adtJressed by E, 

2, Clear the internal cactic ol paying Intortnation kept by the 
KliijX (but do not clear tt)e tirst exec ana user super section 
Polntero^ ^^^ 

1, Kjusb and restart the TUnx, 



Ki-ZKy compatibility 

Kunctiot>aiiy equivalent to CLHFT K on the KL, 



AFHO, APH1, AND AFH2 INSTMUCTIUNS 
WKCTX 
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nils instruction loads user process context from either 2 or 5 worus 
addressed by [•: tbrouyh Ft + 4 dependln*! on the state of bit H in the 
tirst word, Tjie process context inciuUes previous and current AC 
lilQCKSi previous context aection» user base reglsteri virtual machine 

Simujatton mode enable, and address brciiK enat'ie and conditions, 



The foro'dt of tf)e first word (V.) iss 




1 

2 



ft 



Load current and previous AC raock numbers (CAB, I'Ain from 
bits 18»23 of word K+l, 

l.oa<} previous context sectlori (PdS) fr«'« bits 24»3B of 

Word fc:*j. 

Load the user base reqister (HUK) from bits 20*35 of Jcfrt9>\ 
word. The function of this bit Is more cow|)ie/^that/ 

Indicated here, Pee thp complete description below, ^ 

Clear all pages from the hardware translation buffer 
(include "Kept" payes) it a payer clear is done as the 
result of bit 2 being set. 

Do not chanye tfte state of ttie user runtime weter (neither 
ufjdate it into the old npf nor load it fro» the new IJPT), 

Load VM^niode enable from bit b of this word. 



fcinable virtual machine (( VWwniodeyslmulatlon roodc^for this 
user context, ~ 

Inhibit all address hreaK conditions for the next 
instruction executed. The effect of settlny this bit Is 
—io set tfie^inhibit address breakU fC flay for tiie next 
/instruction, 

Load address break conditions from the words at t:*2 
through f:>4, If this bit is not oni tne words at fc,f2i 
K4i, and Ff4 are r>ot referenced by the rtiicrocode, 

Load address break enable from bit 10 of this word. 



AFHO, APHl, ANU AFH2 INSTHUCTIUNs 
WHCTX 



Paqe 2wt9 



10 
IB»35 



Knable address break usln^i the existing oofidltlons (the 
conditions tridy be also be chanyed irith the same 
instruction) , 

Heserved 

fhysicdl p^ge number ot Ut'T, 



The for«'«*t ot the second wgrd (F.+ J) Iss 

0»n Heserved 

1B«20 current AC block 

21*23 trevious AC biocK 

2A»ib Previous context iiectlon 



The torif'ut ot the third word (i:*2) isj 



u 

12 
13 

14 

lb 

lb 

17 



Reserved 

fcJnabie address break for a normal tetch ot an instruction 

tri trie [)royratii under control ol PC, 

tnable address break tor any reference that reads except 
the normal tetch ot an instruction, 

tlnable address break for any reference that writes, 

Knable address break tor a reference n^ade in user virtual 
address space, (0 selects executive space), 

Knable address break tor a reterence made by the ci'U to 
!«et(iory , 

tnabie address break for a reference niade by a port to 
mfniory t 

feinable address break tor a physical weworv reference, (" 
selects virtual weraory reterences). 

Compare only bits 18 tnrouqh 35 of tfie reterfnce address 
with ttie address ranye when doing address compares, 

l<e served 



The fortfut of the fourth word ('•♦3) Isj 



APHO, AFM», Afi|) At'H2 iNSTf'UCTIUNS 
WHCTX 



t'aqe 2«2o 



0»5 



Heserved 

Tfie lower bound break address. 



■JtJti tyrtndt pt the tittti word (fc;44) is| 

0»5 Reserved 

t^-as The upper bound break address, 



In word K, bits 0*2, bf and 7»9 control ttie action of this 
Instructiutu «fien a bit is C» trie correspondiny dctlon is iytiored, 
The actions are as foiiowsi 



1, If bit is on» load CAh and f^AH froif bits l«*20 and 21»23, 
respectively, from word l-. + i, it bit o is ott, do not change 

CAti and PAH, 

2, ft bit I is on* ioad PCS trom bits 21»J5 of word fc:4l, if bit 
1 Is off, do not change pes, 

3, If bit 2 is on, perforB" ttje following functionsj 

t, if bit 3 in K is 0, cledr all pages except those rnarKed 
"kept" in the page table, If bit 3 is 1, clear all 
entries, 

2, tvoad bits 1B»35 Of t into the User base Heqlster 

is 0, pel-form the following functionsj 

1, Update the user runtime meter into trie previous npT 
by slfiuidtinq a hdumtm Instruction and storlnq the 
resulting doubleword in the Previous UPT in locations 
504»50b, 

2, I/oad the user runtime meter kept in the f-aiOX internal 
registers from locations !i>04*'>()b of t-nt? rtew dpi, 

It bit 4 is a 1, do not update the user runtime meter 
into ttie previous npT <ind do not reload It from thp new 

iipT, 

4, Clear the internal cactie of pa<Un*i information kept by 
the KHUX, 11 paging Is on, re-lnltiailise it with the 
lirst super section poltiter fro(w the t:FT and the lipT 



At'HO, APH1, AND AFH2 IN.STIUJCTTU^lH 
WHCTX 
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(ottset 520), 



4, It Uit b Is on# perfoF"' tfie tollowiiig tunt:tior)Si 

1, I£ lUt 6 Is on, enable virtual machine simulation mode 
(VM»t((ode) tor this user context, it bit b is oft, 
disable VM»mo'Je tor this user context, 

It bit !) is off, do not chanqe the stote of VMwinode, 

5, It bit 7 is on, inhibit all address break traps tor the next 
instruction executed after the whctx, it bit 7 is off, do 
not inhibit address breaK trap:., 

b. If bit « is on^ load the address breaK conditions froiR the 
Words at t + 2 throudh fe;^4, If bit h is off, the address tireak 
conditions remain unchanded. 



CADTIIIN 

Paulny must be enabled (with WHEHK bit 4) td load t.t)e 
address brtak conditions, if paqinq Is not enai>jed, 
the result of loadinq the address break conditions is 
undefined, 



n bit •» is Oh, berfor"' the tollowinq tunctionsi 

1, It bit 10 Is on, turn on address break using the existind 
break conditions (which may be set In the same 
instruction by setting bit U to a one). It bit 10 is 
oft, turn off address break but leave the break 
Conditions unchanged, 

tf bit '* Is off# <io not change the state of address break 
enable, 

Flush and restart the iBox. 



iiee trie chapter oi> laying for a functional description of address 
break. 



Kb/ky co(t.patibility 

The Kb Set current and previous AC blocks, previous context section, 
and tfie physical page number of the tiP-r with a oataU PAa,^, Address 
break conditions and address were set witt) a hATAO APH,f:, The k.s set 
curref^t and previous AC blocks, and the physical page riuiitbt^r ot tho 



Af'MO, A^'Ht, ANU h['U2 INSTHUCTIONS 
WKCX 



Page 2»i!2 



iii'T «(U>> a WHUUH K, The KC WPCTX instruction combines the functions 
of triese Instructions. 



AHHO, AI»H1, AND Af'H2 tNSTf'UCTIONK Page 2^21 

WHtBH 

2,14 WFtHM 
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Thl» Instruction Igads ttie exec mode context trow the word addressed 
by K, The exec mode context includes cacl>e enable, monitor type, 
payer enatJie, tr«p enable, and the exec base register. The tor«at ot 
tiJi word ist 

Load the cache enable bit from bit 1, This bit should 
never be set by the monitor. The cache wlJl only be 
turned ott as the result of a serious error afni should 
remain off until the problem is fixed, The ability to 
enable and disable tfie use of cactie is provided strictiy 
for diaqnostlcs, 

1 finable use of the cache for all references, E:nat)liny the 
use of the cache with this bit does not enable the use of 
all tour cacrie quadrants if orje has been turned oit 
because of an error, It simply causes the cache to be 
used for any quadrants triat are on, 

2 f^escrved 

i Tf3pB«20 mode (see below) 

4 V Fayer w^dble, ? 

b»6 Reserved 

7 Load trap enable from bit a 

B hnable full process Inq of traps, LliliOs, MuuOs, arid page 

fails 

y*!? Heserved 

IH«35 iniysical page number of KV't , 



Ihe actions performed by this Instruction are as followsi 

1, If bit 7 is a \, perform the followln'j functions; 

1, If bit 8 is a 1, enal)le full processing of traps, LnyOs, 
HUlHis, and patje fails by the monitor as described in the 
appropriate sections below. 



AHHO, Atnn, AND AFH2 INSTiaJCTIUNS paye 2.24 

WHtHK 



2, It bit is a 0, chanye the processing ot certain 
prpcessor conditiODs as follows: 

1, Traps, Treat trap i, 2, and j conditions os it the 
trap function wgru had specified "lynore trap"t 

2, LUUOs, Process section LuUUs in the nor»al wanner, 
Halt the machine on lUl'Os executed in non^Sero 
sections, 

3, MuuOs, Halt the machihe, 

4, Page tails. Process pa«e falls that can be resolved 

hy the EtJOX iiilcroCoUe alotie it, tl>e normal tuanner, 
Halt the machine on page fails that must t>e processed 
by the monitor, 

T£ hit 7 is a 0, do hOt change trie state of trap enahle 

2, It bit is a If perform the followintj tunetlonst 

!, It t)lt 1 is a t , enable the use ot the cache as described 
above, it bit I is a 0, disable tr>e use ot the caclie, 

Tf bit is a 0, do not change the state ot the cache enable, 

3, Tf bit 4 Is a 1, perfortp the following functions; 

t, p;nable the use ot the paging hardwarf! tor 
virtuai»to»pbysicai translations tor me»ory reterences 
and select the type of paging to be used, 

2, It bit 3 is a J, select TUPa''20 mode. If bit 3 is a U, 
seject TOPS»!0 mode. This bit anows the monitor to 
select the features appropriate tor the operating system 
being run. At present there are no difterenees between 
'rupij'»i0 and T0ps»20 mode, The bit is here for future 
expansion, 

ft bit 4 is a 0, disable paging so that all memory references 
are to Physical locations unpaged. Note that disabling the 
pager doeg not mean there can be no page failures, as these 
can be caused by conditions that have nothing to do with 
paging, 



CADTIUN 

Paging can be disabled only for kernel mode, A user 
node process will not run correctly unless tne pager 
Is turned on, 



At'RO, AI'Hl, ANO At'H2 INSTPUCTI U^S l^age 2«2b 

WhKBH 

4, Loail tilts I8«i3b Unto tt)e Kxec B<ise HeiUster, 

5, Clear the internal cache of paglny Information kept fc>y the 
l-iUUX, If lidying is on, r©..initlalliie it wit" the first super 
section pointer fro» the KpT anu upi (offset ^20), 

6, invalidate ail entries in the mhux translation l^ufler, 
lynorlny the state of the "Keep^me" bits, 

7, Kiush ttie lunx and restart it. 



K!./K3 cofppatiMUty 

ihg hi; set exec fnoOe context with the iMMKOlATt; MOUK instruction CONO 
»'AQ,|';, The Ka set exec mode corjtext with the IMM|';DIATf-: MUDI- 
Ir^structton WHbJBH K, 



APHO, At'Hi, AMD At'H2 rNSTHUCTTUNS Paqe 2m2b 

KPtHM 

2,15 KPtUH 
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ihi« instruction stores the exec mode context In the word addressed uy 
K, The tormat of the word is; 

Heturned as zero 

1 The use ot cache Is endbled for all references. This bit 
being set does not imply thut all tour cache quadrants are 
in use. It sl'iiply '"eans that trie cache will he used 4or 
any quadrants that are on, 

2 Reserved 

J TfH'S-20 !!iode (see WI^KHH above) 

1 I'aylriy Is enabled 

!i»6 Heserved 

7 upturned as 

B Full processing at traps, biiucs, mudus, and page fails Is 

enabled 

y»19 Heserved 

la»35 Physical paqe nuwber or l-ipT, 

Kh/t'S cowpatlblllty 

The kIj and KB returned trie exec mode context with cnwi paG,f and Pbtui^ 

K, respectively, The KC returns the samt' fields as the KL CUNi pAC^f- 

but the bit positions have changed because o£ the increased size of 
thfj KPT page number. 



Al'HO, Afr'HJ, ANU At'H2 INSTHUCTIUNS 

wiauM 



I'aqe 2w27 



2,1b (ilHiUl^ 



t, -.--«.., +....4. 4.-,..^. 
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This instruction loads the 1/u page base register from the worrl 
atJdrcBseU uy K, The format of trie word is; 



0»i7 
J«*35 



Heserved 

Physical page nun'hcr of the i/u page 



Thtf I/O page hdse register is set to physical page 1 by the console 
tiurlng a Cold-start or as the resujt ot the INITIALTZF: command, 

:iee tfie chapter on special systerh Pages tor a Rescript Inn ot the 
layout of this page, 



hl./Yii compatibility 

No fuhctiofial equivaleht on the KL or KS, 



AI'HO, AFH!, AND APH2 iNSTf'UCTIUNs 



Paqe 2«'2« 



2,17 HDIOl' 



t 701 J 07 ||i| XH } 
+ ,.---..... + -... + . ^..,.4. 



•f + 
i 



rriis instruction returns the value of the l/U page base reqister afid 
stores it m the wgrtJ addressed by K, The tortaat of the word isi 



0»17 



10»"35 



Reserved 



Physical page number ot the 1/0 page 



M./^S coMipatibiiity 

No fuhctional eduivalpnt on the Kt, or k.s, 



APHO, AFH1, AND At'H2 XNSTHUCT JONii Page 2i»;<!9 

2, IB KDUHH 



♦ ,.« — «-«.«t- — ■♦-♦—--♦--- — — -----•----» + 
I 701 i JO il*i XH i Y J 

♦ -« — — .«f-« — ^«^.it-- ♦•---«-•-•— •--.--.♦ 

This Instruction stores trie user process coritext in ttie two words 
adUressetl Uy i: and i;*j in exactly the sane torwat as the tlrst two 
Words used by WHCTX, in order to alio* these words to be used 
directly in a lf«HCTX instruction, bits 0»2, 5, and y are set to l and 
bits 3,4, 1, and « are set to In r. The format of the first woji^' 
(f-) isi 

Heturtied as a I (load CAU/FAh in WMCTX), 

1 HPturned as a 1 (load VCii in WHCTX), 

2 Meturncd as a l (lodd UHH In WHCTX), 

J Hcturned as a (unconditional pader clear in whctx), 

4 Heturhftd as a tJ (inliibit i«u;ter update in WHCIX), 

5 Heturhed as a 1 (load VM^Hiode in WKCTX), 

ii Virtual machine w>ode (VM»tnode) enabled for this user 

context, 

7 Heturned as a O (Inhibit address break In WHCTX), 

» returned as a (Load address break conditions in WHCTX), 

y Returned as a I (Load address break enable In wrctx), 

10 Address break enabled, 

11-17 Neserved 

IH«35 Physical page number ot UPT, 

TtiU lorniat Q£ ttiC second word (f+l) is: 

0*17 Reserved 

l«*20 Current Ac block 

/i*2} t'reviouB AC block 






Ain<l, AND Al'H2 INSTFDCTIUNS 



Paiye 2* 30 



24-35 



Previous Context Section 



'/ r\ii CCn'pSbii.'ij.4,u7 



The M. returned current and previous AC blocks, previous context 

section, and trie physical page number ot the ut'T with a OATAl PAG^f, 

The KS returned current and previous AC mocks, and the physical prjye 
number of the UPT with a hduhh K, 



M'HQ, APHl, AND APH2 INaTFUCTlU^S 



Paqe 2'»31 



2,19 SWF I A 



I 






i 
•mi 



Sweep Cache, JnvaUdate All l*ayes 

Clear the vaiiU and written state in aii cache entries and uo not 
write any words that are written in the cache hack into memory, 

This instruction hlocKS further CPU activity until the cache sweep is 
coBipiete, 

The actions f)erformed by this instruction are as followsi 

1, VoT each dlrectury entry tn the cflr^e, c1«»flr the valid and 
written hits, Uo not write any wrlttef^ wofds hacK to main 
memory, 

2, I'iusri and restart the IBOX, 

The ifidirect, index reyister# and t fields of this instruction are not 
used and ar^ reserved. 



KL/KS cotttpatit'ility 

The KS had no cache sweep ins.tructions. The KL allowed other requests 
to happen in parallel with the sweep, setting sweep busy and sweep 
done in the APH status to Indicate %Ue sweepsin-prosress interval, 



AI'MO, h^Hi, AMU APM2 INSTPUCTIOMa Pdqe Z^iZ 

OWtMJA 

2,20 SWPUA 



• 



I 701 I 13 JiJ XH J y 

Sweep Cache, Unload AU Payes 

Write all written *ords in the cache back Into memorVi Invalidate all 
entries (i,e, clear valid and written state), 

This instructipn blocks further CPU activity until tfie cache sweep Is 
complete. 

The actions performed hy this instruction are as followsj 

1, Kor each directory entry in the cache, clear the valid anH 
written bits. If trie written hit was on, write any valid 
words from the corresponding data cactie etitry bacK Itito main 
weHtory , 

2, (lusri .if)d restart the lbi)x. 

The indirect, index reglster# and Y fields of this ItiStructlon are not 
used and are reserved, 

KL/KS compatibility 

Th«j KS t)dd no cache sweep instructions, The Kb allowed other requests 
to happen In parallel with the sweep, setting sweep busy and sweep 
done in the aph status to indicate the sweepsinpproaress interval, 



APHO, AFH1, AND AE'M2 INSTHUCTIUNS f'aqc 2mH 

KOaFB 

'^,21 HDSHH 



i 702 I 00 l*{ XH { Y J 

Head Sl*T fiase Heglster 

T»il» instruction stores the SPT base register in the word addressed by 
1'^, Tti© forf^at Of ttifi word isj 

0»iO Heserved 

n»35 Fliysical address ot the St'T 

KL/KS compatibility 

Functionally identical to the KH Mt)SPH k instruction. The n, kept tho 
address of tlic jjPT in ac block 6, 



Al'HO, hV\<) , ANU APH2 rNSTPUCTIUNS Page 2..J4 

2,22 IU)CSH 



I 702 I 01 |?i XH J y i 

Head Core status Table hase Heglster 

thin instruction stores the CST base register in the word addressed by 

K, The format of the word Is! 

!)»10 Heserved 

1 1*35 Physical address of the CST 

M../KS compatibility 

^'u^ctiondUy identical to the KS MDcaM E Instruction, the r.i, y,tpt the 
tidUress ot trie CiST iti AC hlock 6, 



At'HO, APMl, AND APH2 INSTFUCTIUNS 
UUVUH 



Paqe 2f-35 



2,23 HDF>iH 



{ 702 i Q2 lij XH } 






Head Process itse Heylstef 



rtils instruction stores trie process use register into the worti 
addressed by f, 

tiee ttie ctiapter on ^aginci for a description ot the process use 
register. 



Y.L/Kli coinpatlbllity 

KunctionuUy identical to the KJj f^dpuh E instruction, Tne KL kept the 
process use register lr» AC hloci< 6, 



APHO, APHl, AND AfH2 INST!*UCTI{)WS 
MUCSTM 



Paye Ss-afe 



2,24 HUCSTM 



; 702 I 03 i(*J XH J 



Head CST Musk Hetjlster 



This Instruction stores the CST rnasK register into the word addressed 

by F, 

aee the chapter on Pd«jin»i tor a description of the CST masK register, 



KI./Ka conipdtliaiity 

KunctiohuUy iUentlcdl to the KS HUCSTM k Instruction, 
the CST mask reylster In AC blocK 6, 



The K|, Kept 



APHO, APH1, AND APH2 TNaTHUCTlONS 
WDTMH 



t'aqe 2.37 



2,25 HUTMU 



{ 702 J 04 J*>} XH i 

......... •^•.•. 4. f ••••4, 



Head Tlttie base hinables 



this instructiqn reads the status of the time t»ase and the InterruMt 
level asslynecj to the Interval timer Into the word addressed by R, 
The status Is as foUowst 



U»22 

23 

24.32 



HeserveU 
Time tiasc on, 
Reserved 



33-35 <^^TT^ for Interval tlifer, 

1 

Kb/|C{i coRiJatlt)llUy 



The Kf- COMI f'tM, Instruction returned the time htise enahJe '.ind 
Interval timer ^'lA In a manrier very analoqous to this instruction, 
The KS tiad no tirect equivalent. 









^"^.c^"^^' 









Al'MO, Al'KI, 
HO I NT 



AND AFH2 iMSTPUCTIUNa 



Page 2»48 



2,26 HDANl 



J 702 J Ob l^\ XH J 



Head The Intervai Hegister 



Head the status of the interval timer Into the word addressed hy K, 
The stqtus Is us follows! 



U»5 

t.«i7 

l«-20 

21 

22 

23 

24-35 



Heserved 

interval count (current contents of the counter), 

Heserved 

Interval tltf>or on, 

interval tifer done (causes InterruiH), 

overt low (Implies bit 22), 

Interval period. 



Bits 22 and 23 are the counter tiaqs; note that Interval tiwer done 
can be Set alone, but a 1 in bit 2J implies a 1 in bit 22 as well, 
Bits 24»i5 are the period supplied by WKiNr, and bits b»l7 are the 
current contents ot the counter, 

KI./KS cowpatlbillty 

This instruction Is functionally equivalent to the KL CUNi TIM, 
instruction 



\^ o>^4^^ 



KK^'^^^ 



APMO, APH1, AND APH2 :iNSTHUCTIU"S Maqe 2*39 

KDTiMK 

2,27 MDTIMK 



i 702 J 01) {»} XK J Y t 

He«d Tifiie Base Vaiue 

This Instruction updates the time base double word kept ih internaj 
klHOX Storage trom the hardwdre counter a'td returris the updated double 
word 4n the words addressed by r and K4l, The double word is a double 
precision integer in i microsecond units with the following formati 

ts«*asas3xsBsrssszxsssssss«sass««xs««ssssscs«s«ssssBB««a| 
I tilyh ordtfT part ot count i 

1 — - - I 

it^i t-ow order part of count j 

{saaxsasasBSsssssssxsxssasxrssssssssxssBxssSBSBassaxaaasi 
<^ ' 35 

KiVKS compatlhUlty 

The Ki, HOTiMr instruction also updated the time base Uouble word kept 
In Kl't locations 510 and Bit, The KB HDTIM Instruction returned the 
double word In the same wanner as this Instruction, 



AI^HO, hVHAf AND Al'H2 INSTRUCT IIJNS 
HDUHTM 



Page 2»40 



2,28 KOUPTM 



♦ *•" 
I 



702 { 07 }(*} XH I 



•9^ 



Head User Huntime Meter 



Thii Instruction updates the user runtime meter double word kept In 
internaJ fPtiX storage ffom the tiaruwaie counter and je.turns ti»e 
updated double word Jn the words addressed by e and e+l, The double 
word is » double precision integer in l microsecond units with the 
tollowin'i torn'dt! 

}ssbssssas»xstSBSsrKssaas2Bsrsasass»sxxsssris»sai*ssas«esBj 
I \ iiiyh order p<jrt of count In nicrost^conds { 

i''\ - J 

}0i \ low order part of count in rolcroseconds j 

iaa«yS«BXCCS'«»SC«S««3S'SSSSCSSSZBSBSSK8SS3rzZ«SSSSSSBll&SSl 



1 



Jb 



KI./KS C0Hi)aUbiUty 

TliC Kl. and KK had no comparable instructions, 



Al'HO, APH1, AND At^Ha INSTPUCTJUNS 



Pacie 2*41 



2,29 WHSl^U 



I 702 i 10 }*»} XH { 



I 



Write SHI tidse Hegister 

This instruction loads the SFT base register trow the word addressed 
by l! , The word format Isi 



0»10 



11*35 



Reserved 

I'hyslcal address of the start of the st"!". 



Ttie yi'T base register is loaded with a pfiysicaX word address, The 
address need not be on a page boumJary and amy h« any J newt ion in 
physical weipory* There is no range check on St'T offsets. The monitor 
is assumed to «ilways put correct data ir»to tfie iJPT base reyister, 



KL/Ka comprttlblUty 

KunctlghdUy Identical to the KS wHSFij K instruction. The t^l Kept the 
HVf address in AC blocK 6, 



Af'HO, AfHt, AND At'H2 I NSTPUCT JUWa 
WHCSD 



Page 2*42 



2,30 WHCSU 



I 



702 



I it l»l XH 1 



i 



Write Cgre status Table hase Kegiister 

This instruction loads the CST base retiister £ro»i the word addressed 

by P, Thr word torinat Is! 



0»iO 



ti*35 



Hescrved 



Fhyslcdl address o« the start of the CST, it this address 
is zero, the nticrocode win maKe no CST references. 

The CST uase register Is loaded with a physical word address, The 
address need not be on a paqe boundary «nd fnay be any place In 
physlcaa memory, There Is no range cnecK on CST offsets, Tfic monitor 
is assuKed ty always put correct data Into the CaT base register, 



K|VK{j c;ot«patlbiiity 

functionally identical to the KK WMCSB K instruction. The KL Kept the 
CST address in AC block b. 



AHHO, APH1, AND AFH2 INSTPUCnONJ} 



Pacje 2»43 



2,31 WHl'UK 



1 702 I 12 |«»J XH } 



Write Process Use Heyister 



This instruction loads the process use register from the word 
acidrt'ssed by f. 

rtie microcode updates a CSt entry by ANPing the CST mask word (see 
l)«iow) Witt) ttie entry artd OHiny the process use register Into the 
entry, 

aee the chanter on Taulnu tor the format of the process use r*?utster. 



K!-/Ka co«'r>otlhtl Ity 

Functiot^dUy identical to the KJi WHPhH h Instruction, 
process use r«yl»ter In AC hlock 6, 



The Kl. Kept the 



Al'MO, kV'Hi , A^M) Al'M2 IWSTHUCTIUNS 
WHCSTM 



Page 2*44 



2,J2 WHCS1M 



i 702 I U I**! XH i 



•-4- 
I 



Write CST Mask Heqlster 



thlf Instruction loads the CST mask reylster trow the word addressed 

I'ha microcode updates a CST entry by ANUing the CSJ wask word with the 
entry and OHlny the Process use register Into the entry, 

aee tht' cfiapter oti Pd<jln'J for the format of the CST mask register, 



Kf^/KS COttMiatlhl] Ity 

KUfictionully Identical to the Kij WRCSTM t; Instruction, 
the CiJi' I'i'isK reqisttr in AC bJocK tt. 



The Kfj Kept 



APHO, APH1, AND Al'H2 iNSTf^UCTIUNii 



Pdqe 2m'\b 



if, 3 3 WHTMU 
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Write Tltne base Controls 



This itnmeUlate-fPode Instruction (JecoUes Its eftectlve address to 
control the time base and the Interval tliiiert The effective address 
bits are used as foUowsi 



lb 

19 

i!0 

2l«22 

2J 

24*32 

33-35 



Loud m dsslqiinent for interval timer trom uits 33»3B- 

Lodd time base cpntroJs Irom bits 20 and 2i, 

Clear time base, 

Heserved 

Turn on tifne base, 

Heserved 

PlA/tor Interval timer. 




The actions of this Instruction are as toUowsj 

J, If bit IB Is a I, luad the Interval tlmejr pi asslynment Iroro 
bits 33*35 , If bit la is a 0, do not change the Interval 
t inter blA, 

2, If bit 19 Is a !, perform trie toJlowlnq operatlonsi 

1, If bit 23 is a 1, turn on the time base, it bit 23 Is a 
0# turn off the tlwe base. 



IP' 



2t JUI bit 20 Is a 1, clear the time base. It bit 2n Is a o, 



Is l'jnorc<3. 



It bit jy Is a Of do not chande the state of the time husc. 



WHTHfj 



AND APM2 INSTRUCTIONS 



Paqe 2»4b 



KI./Ka compatibility 



The KI-. CUNU MTK, instruction controls the tiwe base and the interval 
timer MA it! u rranner very anaioyous to tt.ls instruction, Tfie Ka had 
no etiulvdlent Instruction, 



APHO, APH!, Af*D AFH2 INiJTf?UCT,10Na 
WRINT 



Paye 2»47 



2,J4 WHINT 



I 702 1 lb lit XH i 






Write Interval Tlwer 



This lmwiBdiate«iiocJe instruction decodes its elfectlve address to setup 
ttie interval timer, The effective address bUs are u&ed an tuJJows: 



IH 

19»20 

2i 

22 

2J 

24o35 



Clear interval timer, 

Heserved 

Turn Interval tlR>er on. 

Clear interval flags, 

Hf served 

Interval period. 



A 1 in bit 18 cleans the counter and can he glyeri slnimtancously with 
a 1 OF in bit 21 to turn the counter on or off, A I in t>lt 22 
clears both interval none and interval Overflow, if the counter is 
on, Interval Done will set when the count reaches the value specified 
hV bits 24i»35, 



Kl,/Ka cowpatibiUty 

This instruction is functionally equivalent to the HI. COno tjm, 
instruction. 



APHO, APH1, ANO A|'H2 I NSTMIICT TfJWf; 



I'aqe 2»4B 



2,35 WHAC'l 
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Write accoufttlny intormation 



This ImwecUate instruction decodes its effective address to control 

tf't user runtime n-eter, The effective address tats aye used as 
foljQwai 



Iti 

19 
20 
21 
22-J5 



t.oad user rutitime meter controls tro» tiits 19-21, 
fe:ndt>Je user runtime meter count during exec PI time, 
tnable user runtiwe meter count during exec non*pT time, 
Turn on user runtime meter 
Heser ved 



The actions of this instruction are as toUowsi 

1, If bit i« is a 1, i»erforfn the following operationsi 

t. If uit 19 is a 1, enable the user runtiwe meter to count 
during exec 1*1 processing, It bit t«* is a 0, disahle the 
user runtiwe weter from countlrsg during exec m 
processing, 

2, If bit 20 is a 1# enable the user runtime meter to count 
during exec non*Pl processing. It bit 20 is a 0, disable 
the user runtiwe weter from counting durinq non*Pl 
processind, 

3, It bit 2i is a 1, turn on the user runtime meter, If hit 
2t is a 0, turn off trie user runtime weter. 

If bit lU is a 0, do nut Otattge the state of the user runt i we 
meter , 



AI'HO, AFHl, AND AFH2 INSTMUCT J UN« 
WHACT 



t'aqe 2*49 



KI./KS coffipatll)llity 



the Kf CONQ m'Hf Instruction controls the accounting 
sfianner very analogous to this instruction, The KS fjad 
instructiyri. 



meters in a 
no equivalent 



A\mOt APHl, AND Al'H2 INaTHUCTIUNs 
HDACT 



f^age 2mbO 



2,36 MUACT 



I 702 i 17 it»J XH J 

4 ...... ••.•4. ...4. 4. 1.., 4, 



i 



HeacJ accountlnq Intorwatlon 



This instruction reads the status of the user runtiwe meter Into the 
word adriresserl by K, The status Is as CoUowsj 



0*18 

20 
21 

22*35 



Heserved 

The user runtime meter has been enabled to count during 
exec il time, 

The user runtiirie meter has heen enabled to count durina 
exec non«Pl tiide. 

User runt line meter or), 

Heserved 



KL/KS compatibility 

The KI. CUni Mju, instruction returned the accounting meter controis in 
a Wanner very analoyous to this instruction, the Ka had no direct 
equivalent. 



CHAPTKH J 
EXTEHNAL I/O INsTHUCTlUNS 




Tht external J/d Instruct Ions on tht? KClo 
cowinuiiicate witti t»ie 1/n ports and f^e console 
manipulate the I/O Command/Response qu 

descriptjon 
KCio ports 



It is the 
n'anlpuiate. 
Instructions 



w a prouraiB to 
particular I they 

ort ()oorbPll 

Bee the "l/Q Bus Spec," in t»(,^^^^i)J^¥;^.^T a complete 
of the uueue and DoorbeU features^ TTTenrnterfdct' to the 
Is priwdrlly data dreas called "(aailuoxcs" and a dooj-hell, 




doofUeU iTtechanlsnt that the following Instructions 
The Contmand/Pesponse Queues w l i 4 t i w covered by the queue 
In the next section, OLAX^ 



in qeneral the uusif and MING signals work as follows j The CPU can 
assert HInC on the 1/u Bus If nusx Is clear, "pon setting KING and a 
port nufuber, the CPU must observe buay setting and then clearing 
before it can assume that the l/u l-'ort has seen its cowwand, The 
following 2 instructions (HNGB and PNGIIW) will sKIp if rjo bus tlweouts 
occur* 



iho console does not use this protocol and tt)erefore PIng and Busy 
signal* are Ignored If any Cpnsole function* are re<}uested by PNGU or 
HNtiHW, Ttie fcort reset functiomalso ignores the hUSi signal, 






Paqc 3*2 



J, I HNGb 
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J 



Hing t^oorbell 



This J.mB<iBUiate«»fPotie Instruction makes requests ot the console and 

ports t-asect on tbe tslts In f'. The hits In K arc Interpretecl as 
foiJowsi 

IW Cause console to relodd (electronic boot £lnyer) 

ly initialize the fort specified by bits 33«J5 to the 

Power»uP state, 

20 Interrupt KCJO Console 

2l«32 Mcserved 

i3"'35 Port number (Tqnored if a console function) 

If none of hits ih-?o «h^ or,V4he__^W!icrocode rings the doortiell of 
tr>e port irKUcateti by bits 33*3&^ tTfTly one of bits l««»20 may be on in 
t| If '"ore than one bit is ohi a page tail is generated. 

It dur4J>y.the process of rlnuiny a port doorbell, a bus timeout 
ocGurs«' 0:he nt tprocode stores an error code indicating which timeout 
tailed in AC jWfXthc Ac field pf the instruction is r»on»«er^ and takes 
the next instruction trof HCtJ, The possible error codes are as 
tollowsf 

•* f, u^SL, '''*'® Hilcrocodo was unable to rlnq the bell because busy 

uL«>9 ^® never cleared. The most likely explanation for this 

^^ nau^-^ jj timeout is that the port previously activated with MNCJH 
^^M Lig^U ''*'® failed to drop''husy ,*' 

X The tiiicrocode was able to rit)<J the bell but busy did not 

set as the result of the doorbell. The most likely 
explanation for this tli"eout is that the port currently 
beinu activated is not responding to i)us cowniands. 

It no hus tir«eoUt occursi the next Iristruction is taken from MCt2# 
l,e,, the instructlofi skips, and AC remains unchanger). 

This instruction difters froni HiiGBW in that it does not wait for busy 

to clear after the doorbell is rung, As such, it is useful for 

startino asynchronous operations that cause an interrupt when they 
cotBf)] ete. 



t;XTt;HNAli I/O INSTHUCTIUNS 
KNGBW 



Faye jtij 



J, 2 HNGBW 



i 711 J AC {*•! XK J 



'«♦ 



Hlny uooruell and Walt (tor BUSY to clear). 



This iRimediate-rnode instruction maKes requests ot the console and 
(jorts tdseU on tt^e bits m F., The bits In ¥. are InterfretPd as 
toAlowil 



IB 

I'i 

20 

;ii-i2 

33«i5 



Cause console to relgaU (electronic boot tlnger) 

Initialize the port specified by nits 3)wJ^ to tne 
«>ower«»up state. 

Interrupt KCIO Console 

Peserved 

Port nuHiher (ignored it a console Junction) 



If none of ll^s 1B''20 arc on, the the tilcrocode rlnqs the doorbell ot 
trie port indicated by bits Ji*3i>, Only one of bits 18«20 way be on in 
K, It myre tnan one bit is qn# a paye taH is generated. 

It duriny the process ot rin^iny a port doorbell, a bus timeout 
occufSf the microcode stores an error code indicatiny which tiweout 
iaiieU in AC it the Ac Held ot the instruction is non-zero, and taices 
the f!BXt instruction from PC + l, The possible error codes are as 
toilowsf 

• 1 The microcode was unable to rln<l the hell because busy 

never cleared,"* The most llKely explanation tor this 

timeout is that the port previously activated with HN(iU 
lias tailed to drop l>usy, 

The microcode was able to riny the bell and detect that 
busy set but it did not clear agair>. The roost likely 
explanation tor this timeout is that the port currently 
being actlvatPd tailed to drop busy, 

1 The microcode v»ds at)le to rlt)M tiie bell but busy did not 
set as ttie result ot the doort>ell, 'the most likely 
explanation tor this timeout is that the port currently 
tieinq activated is not responding to bus commands, 

If r>o bus tiweout occurs, the fjext instruction is taken ironi PCf2, 
1,0,, the iiistructlori skiffs, and AC remains unchanqed. 



KXTfJHMAI. T/() IMSTIHICTIONS Pa'ie 3«4 

J, 3 SNIiSY 
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^»-.-.--.- + -.-. + -f— ..-4 ---------.---.---« t 

Hkip U (Misi^ not set 

Thi» Instruction skips to PC-f2 it tt^e Hiiat lirve of the KCIO i/u bus is 
not set, Wfjen used in cofft'lnnt ion wjth tnc HN€B instruction* nn<* can 
achieve t>)e identical eftect Qt HNUBW as toUowsi 

HNGB pn I Assert HINU to port "prt" 

SHHSY I Busy set? 

JHST .^i f Yes, Wcllt, 

,,, f No ■ proceed 



CHAPTKM 4 
l/n TNSTMUCTJONS THAT MUVK DATA 



This Chapter flesorlhes the l/f) Instruct lofis in th#> rantjp 7no-7j7 
wove ddtu to dhd frow virtual or physical mewory, 



tt'tit 




L.l»«e ell Instruetlons who! 

these ihstructluns tnuy 

set, if these instructions are executetj in user inoUe 
I/U» they execute as an MUliu, trapping throuqh the user 
opcode dispatcj) in locatjlon 435 of the UPT, 



f f inclusive, 
t user l/u is 
without user 
undefined i/ti 



i/U rr!«THi!CTit)Ny THAT MOVf: fJATA page 4»2 

IIMUVK 

4,1 UMOVK 



J 704 i AC J#i XH I Y i 

User Move trom Memory 

l/oad tht? contents pf the previous context memory location addressed by 
K Into AC, This Is a ctaster) replacement for f'XCT 4,tH0Vf Ar,fj, As 
su(?h, the effective uddress calculation tor the Instruction is done In 
current context and the word is fetched trom that location in previous 
content. 



1/U INSTHUCTIONH THAT MOVK r)ATA 



faye Ami 



4,2 UMOVf-lM 



4 ••.....«. ^•..•4.4. ...4., 

i 70b I AC J*ii XM J 

4 •-...•... 4 »•.. 4.4.. ..4. 



I 



User Move to Metnory 



JitQre trie contents of AC into the previous context mewoFy iocatlon 
ariUressed by f. This is a (faster) replacement tor f'XCt iifMuVKM 
AC»f"l, As such, the effective address calculation for the Instruction 
is done in current context and the word is stored into that location 
in f)r«vious context. 



r/U iNjiTHnCTIONS TtlAT MOVK DATA 
I'MUVK 



Hage 4*4 



4,3 HMOVft; 



«.•.._.. •.^.•..4. 4.... 4. 

I 70t> t AC Jill XH I 

4P........4....4.4....4. 



Physical Move tront Metnory 



Wertorw d physical tAwcalc uslnq the word aduressed uy h, then load 
the physical memory location addressed by the result of the FA-cnlr 
into the ACt 

;ie«3 tue chapter oh Miscellany tor a discussion of the physical KA«>calc 
algorithm, 

Because the data reference Is to physical meniory, an etfective address 
in the range 0«J7, inclusive, will reterunce pfiyslcai roewory locations 
0*17, and not the ACs, 

iio cyT update win be perlormed to Indicate that this instruction 
relerenced the physical page specilletl hy ttic efleciive address, It 
is the resppnsihllity of the monitor to perform such an update It this 
Is re<iuired. 



l/U INaTHIICTIONS THAT MOVK DATA 
PHUVKM 



fdgc 4*5 



4,1 f*MnVKM 



I 707 { AC J*«i XH I 






Physical Move to Mpwory 



Perfpf" d physical EA»calc usln«3 the word addressed by E, then store 
AC intu the physical memory location dddresscd uy the result oi: the 

hAsicalC, 

When the storP Is complete, Hush and restart the IBUX, 

aee the ctiapter on Miscellany tor d discussion ot the physical F.A-calc 
cjlgorlthw, 

hecause the data reference Is to physical titemory, an effective <;id<Jress 
in the rdri'je 0-»t7, inclusive, will reference Physical memory locations 
0»17, iind not the ACs, 

NO CST update nflll he performed to Indicate that this Instructlofi 
referenced the physical page specified by the effective address, It 
Is the responsibility of the rnorltor to perforin such an update If ttils 
Is required. 



l/U INSTH"CTIONS THAT 
lOt'MOV 



movf: HATA 



pacje 4»ei 



4,5 JU^MHV 



i 






714 



AC 



XH } 



1/0 paye relative MOVf. 



H«au & wortl frof the l/t' pane offset specified by bits 27»35 of I and 



load the result In AC, 
last WMIUI' instruction, 
tJone, it bits (>j2b of- 
pagti tciil trap. 



The t/f» Page address is that specified by the 
or the Initial defatiit it no WfUOp has been 
the eftective address are non«»fero# generate a 



No CST Update will be perfornied to indicate that th4s Instruction 
referenced the physical page specified by ttie effective address. It 
Is the responslbiilty of the monitor to perform such an update it this 
Is required. 



i/U INSTHIICTIONS THAT MOVK DATA 
lUHMVM 



Paqe 4»»7 



4,6 lOl'MVM 






■+•♦' 

l*»l 

•+*♦' 



I 






lib 



AC 



XH 



l/u page relative MUVKM 



Stgre AC into the l/U paqe offset specltlcjcJ by bits 27US of K, The 
J/U Pa(?e address Is that specified by the last WRIUP instruction, or 
th§ initial default if no WiaPP has been done. If bits 6526 of the 
effective address are non«tero» generate a page tali trap. 

When the store Is complete, flush and restart the IHOX, 

No CST update will be perfor'Hed to Indiratie tha^ this InBtruction 
referenced the (>hyslcal paqe specified by the effective address, It 
is the responsibility of the nonitor to perform such an updatr If this 
Is required. 



l/U INSTHnCTIONS THAT Mnvt; DATA Page Ami\ 

LDl^AC 

4,7 hUi'hC 



1 7 lb { AC i^t XH i Y J 

Load prevlQUs cuntext ACs 

Load the previous context ACs (trom the AC block specified by the 
current pah value) from the block beginning at tt»e location addressed 
by r, continue to transfer words trom the blocH until a word has been 
transferred to the previous context AC specified by the AC field oJ 
ttie instruction, 

*;^The 16—word block must not cross section boundaries, i^J^lhin 

To load all previous context ACs from the l6»*»ord current' context 
block beqlnninq Jt naFPACi one would execute the foUowlri<i 
Instruction! 

l^l'fAC 17,iiiJH'AC 



I/U INSTKHCTIPNS THAT MOVE DATA 



laye 4»9 



4,B 3TFAC 



'+-♦■ 
■ + -♦< 



7l7 



AC 



XK 



I 
• (»♦ 



Store previous context ACs 



atere the previous context aCs (as specitled by the current pAB value) 
into the blocK beginning at the location addrcsseO uy K, Contlraje to 
tranifer *orcJs «Tom the ^jrevlous context ACs to the blocK until a wor<J 
hes been transterred from the previous context AC specltied hy the AC 
tielu of the instruction. 



^--Or 



he l(>-^or(J UlocK itust not cross section houndtirles 



TO Store ail previous context ACs into tiie l6»wor<l current context 
block betjinning at HSF.I'AC, one would execute the toljowtng 
Ifistruetioni 



iitpAC l7,lidF.HAC 



CHAPTEH b 
SPECIAL UfcOUGGiNG INSTHOCTIUNS 



This chapter dcscrtlies several Instructions that have been adde«l to 
trie Instruction set to aid in dei)uytjing the hardware and lulcroeode, 
They will tiot appear In the final production microcode and are 
documented tiere ofily for completeness, 




jjik.e dU instructions whosj>-(iHi£iJ*^«?-'irs^ln ttie ramie 
th*<se instructions may (oniyTbe executet^ ih user »ode 
s*Jt, It these lnstructlori>~-aTe executed in user wode 
l/U, t^ey execute as an mwu, trapplny through the user 
opcode dispatch in location 43b ot the uht. 



f inclusive, 
user 1/C) is 
without user 

undefined T/n 



KDTHAX 



Paye 5^2 



b,l HDTHAX 



I 
4- 









7 32 



AC 



XM 



Mead tracks butler tntorroatlon 



Thii initructlon returns 
nuwber^t '''fUs address 
w|ll write a vc , 



the current 
Is the next 



tracks buffer address (not page 

locatJLon Into wlUch tlie n.icrocoUti 



iJl^tClAl- PFhUUGING INSTHIJCTIONS Fage bwj 

WHTHAX 

b,2 WHTHAX 



t 73J J AC i^ii XR i V I 

write tracks butter ariuress/enatae 

This Initructlpn sets the tracKs tjutter address, length, and enables 
or dlsahJes tnr microcode tracKs processing). The word addressed by K 
controls tfie operation of the instruction and has the following 
tor»ati 

finable the microcode tracks processing. When this feature 

is enabled, the fiilcrocode stores the PC oi each 
instruction executed in a circular buffer in physical 
memory, If this bit is off, the tracks processing Is 
disabled, 

1»17 Z^?''^ ><t Z*7''c^Ttrp±tnff?rn^ length of the tr-JCtcs butter in words, 
I Note thdt if tracks processltH) is t'Ciny enablfd| this 
makes the entire jett half of this word be the two's _ 
compiewent length of the buffer, Xf rtk &JHM disoMul 

1«*I5 Physical page number of the start of 'the buffer, th'he > 
microcode win begin storing fCs starting at this physical^ 
page and continuing tor the length of the buffer, When 
the buffer llwit is reached, the microcode will reset Its 
pointers and start at the beginning of the butter again, 

CAUTION 

Enabling tracks processing will 
significantly degrade the speed of the 
machine, Hesides the overhead of one 
memory write for each Instruction 
executed, the implementation of this 
feature aiso causes the max to be 
flushed at the end of every Instruction, 
thereby completely defeating the 
piEielinc mccfianlsm. 



iJl'KCIAL DFUt'GGING INgTHUCTIUNS 
HtAUTU 



Faye 5»4 



•j,3 HEAOTU 



^— -««««•• ^...^t.^ -.-«+.... 
J 734 i AC J¥i XH t 



V } 



Head translation butter entry 



Thli in 

transla^ 
into the 
dduress, 
wpid, tji 
(Mt»Oj 
the tran 
slwpiy 
xero and 
knitter, 
valid tr 



•truct 
ion t> 
tr«ns 
in 
t 5 is 
or u 
slatio 
read 
bits 
Ults 
anslat 
iras 
isih ». 



Ion al 

utfer e 

iatlen 

additl 

used t 

ser (b 

n buffe 

d Boeci 

161*26 

5»15 

ion Che 

Instr 

utter 



triinglat ion but fer re 
or data~trtTtn-; ttt€~ 
«Tnd has the foU owing format | 



lows 
ntry, 
buffer 
on to 
spec 
tt.l) 

ft t^ut 
fled t 
uid 

cK as 
uctlon 

IHO 
trahsl 



the 
The 
and 
the 
ify 
trans 

bit 
ransl 
tjive 
eel be 
indie 
dge 



won it 
word 

may 
norm 
wheth 
latlo 
16 l8 
at ion 

«— «* 



or to 

tjddresse 

be th 

al 30 bt 

er the 

n, hits 

coniplem 

butfer 



specltlcdVf 
ated by bit 7 

s not »iodlt 
ept^^as the 



direct 

a by r. 
ought 

t VHA 

reter 

16»26 
ented 
locat 1 
ndex 1 

ttie r 

retur 

y trst' 

fossi 



hat o 
atiuh 



ccurs 

butt 



as the result 
er entry as re 



ly r 

cont 

of 
In bl 
ence 

are 
it bl 
on f b 
nto t 
Odd 1 
ned t 

con 
e 

Oft 
turhe 



ead a 

alns t 
as a 
ts 6»i 
is t 
tfie In 
t t) Is 

It 5 S 

he tra 
s also 
n the 
tents 
rejBuAJi 
he mi 
B — trr- 



n MUUX 
he index 

virtual 
b ot the 
or exec 
dex Into 

on, To 
houtd be 
nsiation 



to do a "^ 
C fsee ( 



AC 



Hardware error. It this bit Is on# the translation buffer 
access caused a hardware error, 

TB KEKF, It this bit is oni the translation huffer entry 
has the "keep" bit set, 

VHA 05, This bit is a copy of bit 5 of the address that 
was specified to ttie mhhx for the read, 

Th VAl.in, It this bit is on, the trarislation butter entry 
contains a vaiid translation. 



Th CST ui^DATfc;, It this bit Is on, the translation 
"CST update needed" bit is set. 



butter 



TI5 WHlTAiU.t:, If this bit in Oh, tfu- trans latlor, buffer 
"writable" bit Is or>. 



T(' MOiMf-iKU, If this bit is on, thr t ratiS I rtt j of> t.ulter 
"ffodlfled" bit is oti, 

• VAin.) Tf^ANSb, If this bit Is on, there was no va]l<J 
trans ldtlo(» for ttie resjuested address, This bit should 
norsitjUy \>i: iqr\oreU since the HIADTh instruction specifies 



aPKClAL UFUt'UGlNG INSTHUCTIUNS Page !>>»5 

an index into the translation hufter antJ not a full 
address, 

a returned as serot 

y TM USKH, It this bit is on# the mapping in the etitrv is 

tor a user page. If this bit is ott, the mappiny is for 
fln exec paqe, 

lO-iy TU DlH<bn5> This tield contains the transiation Putter 
directory entry tor the wapping, this is Pits «>»iti ot the 
VMA tor the mapping (bits Itti-Zb are l»piieitly specified 
by the otfset in the translation butter), 

20»35 TB PPN<tt!2e)> This field contains bits llf»2tj of the 
physical address tor the mapping. 



WIUTTU 



U»:;U'!(]f.;iNa INSTHUCTItlNS 



Page S»(> 



5,4 WHITTIJ 






■ + -♦■ 



I 



7Jb 



AC 



XH 



Write trarisldtlon butter entry 



Thit instruction allows the n'onitor to directly write an Mugx 
transJdtign tuftcr entry, Tne word ad^Jressed by r contains the Index 
into the translation buffer and may be thought of as a virtual 
address. In addition to the normal iO bit Vm* in bits b»3J> ot the 
word, bit 5 is used to specity whether the reterence is for 
(bit»0) or us*r (bit»l) translation, Hits U»<"26 are the index 
the translation butfer, but bit 16 Is complemented if bit 5 Is 
The di»t« to be written into the translation buffer entry is taken 
ttie AC specified by the Instruction and is written irtto 
translation butter entry specified by bits ^ and ib»26 ot the 
Th«» tofPat of the data is as foUowat 



ejtec 

Into 
on, 

trora 
the 

VMA, 



3 



io»iy 



Itjnored, 

T!^ VAMP, If this hit Is on, the translation butter wm 
contain a valid translation, 

TIJ CST UIMJATK, if this bit Is on, the translation butter 
«CST update needed" bit win be set. 



TP WJUTAULK, If this bit is on, 
"writable" bit will be set, 

Tb MUDiriKU, If this bit is on, 
"modified* bit will be set. 



the translation buffer 
the trarjslatior> buffer 



ignored, 

ns KEFP, If this bit is on, the translation butter Keep 
bit win be set, 

TH kiSFH, It this bit is on, the ni<jpplriq in the entry is 
tor a user page. If this bit Is off, the wappltKj Is for 
an exec paue, 

TH ni.H<bn''> this Held contains the t r.mslatlor, butter 
directory entry for the mappinq. This is bits b»ih ot the 
VMA for the mappinq (bits lb»2fa'.ire implicitly specified 
by trie otfset in the translation butter), 



aPKCIAli UFfJUCqiNG INSTHl'CTIONS 
WNlTTli 



Page bm^ 



20«35 



TH piN<itj2()> This tlalii contains bits 
physical address for the mapplnq. 



U«26 at the 



Af t itM.% #•#^ It. f I 1 A f 4 /^ »-. 

V V ( I w V w >»' t' * V V * w I t 

restorte<i 



Of 



se ii-iStructloPi, the li 



is tiushied and 






!)rui'c;c;ifi(; imjjthiic iom;; 



Paye 5s» 



5,5 DUMl'Th 



» "r « 

' + •♦• 



't 

J 



7ib 



AC 



XH 



Dump translation rniffer 



rrUs instructlpn allows the monitor to dump the entire Hhux 
translutjuii buffer Into 2C1B cortlguous pliysical fnemory locations, AC 
contains tfie physical memory address of the first translation buffer 
entry to be stored. The address need riot be on a page boundary but 
this locations must be contlyuous In pfjyslcal memory, i:acn entry 
dumped has the forwat described tor the HKADTB Instruction described 
above. The Indirect, Index and V fields of tfie Instruction are not 
used and are lcjnore«i. 



At the completion 
restarted. 



Of the instruction, the IBUX Is flushed and 



UUfcUJKS AND OUKUE MANIPULATIUN INSTHUCTIUNS 



0,1 introuuetlon 

Th« KClO provides Instructions to tiu»nipulate queues, These 

instructions arc avaiiabje in EXKC morlp only, and are intentJed tp 
dUow shciriny of queues attiqny any cotiibindtion of the foliowiny? 

1, rnr or wore processes runnlny in the Cl'ij, 

2, One or fnorc ports. 



0,2 Data structures 

0,2,1 The queues 

uuwue? that are manipulated by these instructions roust 

1, \\G doubiy»iir)ked, 

2, Contain a forward pointer in ottset o« each entry. 

3, Contain a backward pointer in ofitset 1 of each entry, 

4, Me pointed to by a pair of header words, 

5, He reterenced by physical addresses. 



Ullfc;tJf.:S AND QUKm: MANIpULATIfJN INSTHUCTIUNS 

Uata structures 



Paye 6»2 



b,2,2 Kuricats 

A tjueuo header consists of a pair of worus. Offset o points to the 
first entry in the queuej offset i points to the iast entry, U a 
Muaue is ewipty, hotft header word's point to offset o. 

The torntat of the header words is as foiiows: 

1 10 H J5 

•'I Ui HSVd J j.'I,INK I 

«*............. — . — .. — ..-... — ......4 

t'tll i HSVd J HMNK J 

♦ " — — — ♦ 

10 II Jb 

me fornat ot word li is as tuliowsi 

The secondary queue interlock, bit 

1*10 Heserveri 

>l*35 Physical address o* first entry in queue (I'LINK) 

Ihe torinat of word n-n is as foiiowsj 

OwlO Heserved 

11»35 Physical address of last entry In queue (BLJNK) 

Kach entry contains forward and backward pointers in the followinq 
for»atl 

1 10 11 J5 

Uf tset i HSVd I l<hlNK I 

*' - --— ♦ 

UffSet 1 I HsVd i HhINK J 

♦" — - .-. — - - 4 

y u) 11 ib 

The forB'at of the first link word in a uueue entry is as foUowsi 

Uwlo Heserved 

11*^5 physical address of nexr entry In Mueue fFhiNK) 

[he torfat 01 the second link word In a queue entry Is as follows: 

0»10 Reserved 



UlltHtiJ AND QVEUK MANlpUl^ATION INSTHdCTlUNS 

Data structures 



laqe 6»3 



n»35 



FhysicaJ address ot {jrevlous entry In queue (ULINK) 



tJ,3 (H>erations 

ihn iftstructions provide tour tunctlonsi 

1, Insertion gt an entry at the head of a queue, 

2, Insertion of an entry at the taH of n queue, 

3, Refl'oval ot an entry from the head of a queue, 

4, Peffoval of an entry from trie tail of & queue. 



U5.i,i Insertinrt 

An empty queue Is specified by its tieader at address H; 

^ - - .+ 

it ar) entry at address H Is insertetJ into an empty queue (.at eltf.er 
tht! head or taiDi the qupue is as stsown I'eJown 

jb 
♦ - ^f 

♦ - - ^ + 

Htll J (* . 

♦^ - ^i 

-^ — - — .- — ....... — ^..„... 4 

H| 1 H J 

♦ ^ — .....-.....-.............„.,,.,.......,„..,„. ...^^ 

♦^-......«.... ....................... — ................. 



UlltllflS AND QUVm: MANIPULATION X MaTfiUCTIUNS I'tXie ()»4 

It au en.tfyaHLaddre8s A Is inserted at the head of the queue, the 
queue Vs sfiojj/b^lowi 

Jb 

^. •.--«..—,.«.-...«.,.,..,..,,.,....,..,«.,,..««..«, ....4. 

^. ....... .•.•.••..••..•••••.•.••.....•.••....•... ••»...,« 

^». ....tp....... ••.••....... ...........................fii,^ 

35 

4»... -...-.....-.,.. ..................................... 

Mi '^ i 

3b 

>v. ....••...•.••..•...•...«•••...•...•.•.. ...•..•...••.94, 

Hi I li I 

4...... ................................................ .4 

4.-—-. ................................................. 4 

llnaily, it an entry at addyess C is IrtserteU at the tail, ttie ijueue 
appears as follows? 

35 

M, I A i 

>........... .........4 

H*U I C i 

....................................................... ,^ 

3h 

A| I H i 

ty..-.-...-...-.-....--.. .................. .........,..»+ 

A41I I H i 

4.. .................................................... .4 

3S 

tf......................................^.. .......... ...9 4 

b| i C J 

♦.........-..................-..........................+ 

H*l; J A i 



(J!Ife,ltK{5 AND QVVm MAN I PULATltIN INaTRUCTlUNK 

uperations 



Paye 6»b 



3b 

♦-.—..-.-.......»...„..,.,.„. •..-......+ 

Ci } II J 

♦—...——............ ,..,^ 



0,3,2 Hemoval 

in the example above with the queue containing entries A, n, 
the entry at address A cau tc removed yiviny: 



and C, 



J5 

+,—.^.....,...„,,.. .,.,.,.., ...—...-...-.......,+ 

"It n i 

+- - — ♦ 

H*ll J C { 

♦* - "»^ 

♦*• - - —■ »+ 

* — — - «»♦ 

M*ll i H I 

♦ - - ^ — .-,f 

35 

Cl J M J 

«^. ................................................... .^^ 

♦ • — -» + 



0,4 interlocks 

Cooper?*t4ny users of a queue can ensure that no coritllcts occur 
us4r»y only the queue instructions when uddlnq or deleting entries, 



by 



When executing a queue Instruction, the CHh uses two Interlocks, 
l-'irst U uses the Miuix "reiadwltiter locK" fufictloti to lead the '^ueue 
riedder, Tfjis tunctioh sets a hardware Interlock that delays any 
subsequent reod»intenock request. 

Hit ot ttje queue header provides a secondary Interlock, It the bit 
is uttt the queue Is available, and the CPU uses the MHUX 
"wrltewrelease" Junction to set the bit in the fteader word and release 
the interlock. At this point, any pending readi-lnter lock finds the 
bit set in the header. 



UdKlifg RNf) QIIKUK MAMIpUf,ATlON IMSTHUCTlUNS 

iiitit>rlocKs 



Page Umb 



Having olJtalneU the secondary InterlocKi the ptHJ pertor'ws the queue 
manlpulaticjn specified by the Instruction, It then 
re«cl»4nterlock on the headeri clears the 
pttrtorms a wrltc-reiease. 



perforws another 
secondary Interlock, and 



AUernatlvely, it. the CI'" tlnds the secondary Interlock set, it 
pertorw* the writepfelease without ohanainy tt»e header an<i retries 
<TliS4l tlwes in an attempt to Met the secondary interlock, l( an 
retries are unguccesstul, control returrjs to the user, /^ ^ jl i */ 

The l/U ports iiianlpuiate the queues in a similar way. This allows the 
Ports and CVU to cooperate In the use qt I/O queues. 



It the queue Instruction returns an IntcrlocK failure, it may be 
necessary for the CHH to free tfie Interlock, This action would 
probat>ly consist ot reinltialtxinn the port ttiat has the interlocK, 
cleaning up the queue, and then clearing the secondary interlock hit 
in the queue header So that the queue is accessible again, It is 
assumed that there is a «Urect association hetweer) the queut^ that is 
interlocked and a particular port. 



u,5 Trie instructions 

The queue instructions have coinmon characteristics, as followsj 



1, For insertions, the AC contains the physical address of. word 
zero of an entry to ''e inserted. Hits u«»lO must be o, For 
removals, the physical address ot word zero o£ the entry that 
was removed is returned in the AC, It the AC contair>8 a 
value in the range o»J7# it is interpreted as a physical 
address, not an AC, 

2, t: addresses a physical EA»calc word that is evaluated to 
produce a 2S bit physical address o* the queue header, See 
tfie chapter on Miscellany tOr a discussion of the physical 
KA»calc algorithm, 

3, I* the secondary it^terlock Is locked, the Irsstructloft returns 
♦I, Otherwise, it returns +2| 



4, It the instruction skips, it 
tor insertion instructions* 

Insertion, the instruction sets bit 
^o^ retitoval, if tlie queue is empt 
of the AC provided. Note that th. 
Mt Of soitware must clear it In 
q u e u t> , 

5, No cm uf>date Is perf ortiieti, 



may provide further iniormatiof), 
if t!(e queue is empty hefore the 

of tt'.e AC provided, 
the lt4Structlon sets hit 
instructions never clear 
qer to test tot an empty 



'a4^ 



♦^ 



» A 



jM 



9^ 



UIIKUKS AND QUKUK MANlpULATltlN IN.STHUCTIUN.S 

Krrors 



Haq^ 0*7 



b,b Errors 
To be suMPlieci 



(V 



JL«^ 



A^ 



t*-^ 



7 



al<^ 



,^^60'. 



UllhJUK^ AND UUf'IIF' MANIl'ULftTIDN lNSTHtlCTiONJ> 
INSUIII 



I'aye b«H 



0,7 INSOHI 



I 720 } AC |t»J XH i 






Insert t-ntry j,t)to uueue at Head, interlocked 



I'erturro a physical F;A»calc usln<i the word addressed by E, theh Insert 

the entry specified by the i^hyslcal address, contained in AC into a 

queue follo*lny the header specified by the result ot the physical 
KA*calc, 

If the secondary interlock was unavailable (i,e,, bit of the queue 
tieader « i), the instruction returns to i'Cn, otherwise it returns to 

It the entry inserted was the first one in the queue {i,e,, fc s C(fc:) 
before if»9ertlon), the instruction sets bit in the AC (bits 1-35 are 
unchanyed). It the entry inserted was not the tirst one in the queue, 
AC is unchanged, 

The correct way to insert an item at the head of a queue is as 
follows? 



INSOIII AC,K 

CALL INTKHI' J interlock error 

JUMt'L AC,f:MPTYO >entry into empty queue 
<entry into non«enipty queue> 

At the completion of the instruction, the IBOX is flushed and 
reutarted, 

Hee ttie chapter on Miscenany for a discussion ot the physical bA^caic 
algorithm. 






Faqe 6«»9 



0,8 INSUTI 



4. pi. ...... .4.... .4..^ ...... 

J 721 t AC }(a{ XH { 



Insert fcritry into Uueue at tall, Interlocked 



I'ertorw a physical f:A»calc uslnq tne word atidressed by K, then insert 

the entry sfcclflrd rsy the physical address contained In AC into a 

•lueup precetilny the header specified by the result ot the physical 
KA»calc, 

It the secondary interlock was unavailable (l,e,, bit ot the <)ueue 
header * 1)» the Instruction returns to PC+j, otherwise it returns to 
l'C*2, 

It ttie etJtrY inserted was the tlrst one In the queue (l,e,, K s C(K) 

helofe Insertion), the instruction sets bit in the AC (hits 1»35 are 

uiiCfianypU), It the entrv iriserted was not the tlrst one in tfie, queue, 
AC is unchansic'd, 



Th« correct way to Insert an item at the tall of a 
tollowsf 

INSOTI hC,¥. 

CAl^L INTKHH j interlock error 

JUMPli AC,KM{>)fu lentry into empty queue 

<entry into non»enipty queue> 



queue is as 



At the completion at the instruction* the IBOjc is flushed and 
restarted, see the chapter on Miscellany for a discussion ot the 
physical KA-caic aiqorlthrn. 



(Jllfc;U|';S AND QUKUE NAWJipllLATIUN INiiTHDCTlUN.S Paqe 6«10 

Hi: Mom 



J 722 I AC •!!•} XH J ¥ J 

Hetnove t-ntry trom Queue dt Hedrt, Interlocked 

I'tfrforra a physical KA.calc uslnq the word addressed by K, then remove 
the queue entry following trie header specified by the result of the 
physical {'-A-ealc, 

It tht? secondary Interlock was unavailable (1,6,1 bit ot the queue 
header ■ 1) the Instruction returns to I'C^l, othericlse Is returns to 
l'C*2, 

Jt tr>ere was no entry in the queue (I.e., K m C(i:) betore removal), 
the Instruction sets bit In the AC (bits t*35 are iostj, It there 
was ah entry in the queue* the i?5»blt Physical address of the entry 
removed Is placed In AC, 

The correct way to remove an item from the head of a queue Is as 
toliowst 

m:t^Q\ii Ac,fc; 

CAII. IN'iKHH r Interlock error 

JUMPL AC,fJOf:NTH ;no entry tound 
<entry returned in AG> 

At the coihpletlon of the Instruction, the IBUX Is flushed and 
restarted, 

ijee the chapter on Miscellany for a discussion of the physical KAwcalc 
algorithm. 
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hi:muti 
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(.,10 Hf-MUTI 



I 72i I AC |<*J Xh J 



I 



Hensove hfjtry trom iJueue at Tail, InterlocKed 



t>erforin a physical KA.calc usiny tfie word addressed by K, then remove 
the queue entry {irececUng ttie header specified by the result of thR 
phygjtcfll Kft-calc, 

It the st'Conddry ititerlock was UiiavailaUie (i,e,, utt ') o£ the queue 
header • U the instruction returns to PC+l, otherwise is returns to 
l'Ct2, 

If tfiere was no entry In the queue (i,e,, b: o C(t) before removan» 
ttie instruction sets bit o in the AC (bits i^Bh are lost). If there 
was ah entry in the queue, the 25»blt Physical address of the entry 
removed is |) laced it. AC, 

The correct way to remove an Item £rom the tail of a queue is as 
toAlowsi 

HtMOTl AC,E 

CALL iNTKHM I interlock error 
JUHPL AC,NOt;NTK iho entry tound 
<entry returned in AC> 

At ttie cotfipletion of the instruction, the lUOX is Hushed and 
restarted, 

see the chapter on Miscellany for a discussion of the physical KA*calc 
algorithm, 



CHAPTKK 7 
FUNCTIUNAL CHANGES f'HUM t'KKVlOUS MACHINKS 



This cdapter liescrlbes the functJonal chatujes that tllstlnyuisri the 
KClO troiB previous indchines, notdbiy trie KLiO, In «oi»e Instahces, tr>p 
char*cjt* Is described Iri detail Ir this chiipter? Ih other cases, the 
change la sli«»»ly noted and the reader Is referred to flfjother chapter 



H'llNCTlUNA!. CHANCJKK f-PfiM {'[JBVlnUS MACHINES t'aqe 1^2 

MAP 

7, J MAP 



♦ -..- — ... ^••-.4. t- — - + ----- — --------I** t 

) 257 I AC l(*i XH I y J 

Map an address 

It tfie patjer Is on and the firocessor Is ir» executjlve or user I/O mode, 
ttils Instruction reads the harf^wars tr-inslatlon buffer location 
correjsppndiny to the ettective address, It the translation butter 
contains a valid inappiny tor that page, the mappiny Is returned in the 
toriTtat described belpw, it the translation butler does not contain a 
valid mapping for the page, the KliUX sticrocode does a page retill 
pointer chase to compute the mapping and returns that in the format 
descritied below. The result of the mapping is returned in the AC, 

This lf»struction does not change ttie tiardware translation buffer 
n««l>piiig for the page specified hy the effective address calculation, 

Ihis Instructioii cannot he pertornied in .» user program unless user l/tl 

is s»t( tn5t<?ad of mapping the address^ it executes as an mUIUJi 

dispatching through the user /findefir^ed j/o opcpde dispatch in location 
US of the "PT, I (| 

If the pfiger is oft, the effective address and the "valid wappiny" Ult 
are returned in AC, see beioW, 

Tf>e tortnat returned hy tlie MAP instruction in the AC is as foUo«si 

lH|KjU|V»CtWtHj7if<}ujTi I'hyslcdl ; 

il)iUHiLlU{TiDl?J21Stbi Address I 

tC«f BBaCB-eSSBBSS«SSSSBS«SS«8S8SSS«SSXS»«S89BBSSS«SSBBSSSSBBSBBB{ 

012345078911 3 

1 S 



The fields are as follows? 

This hit is a one If the instruction failed to generate a 
valid mapping because of a hardware error. In this case, 
Pits 1*4 contain a failure code Instead of the Pits 
described below, Jhese codes are the same as those 
returtted for a page fall with t)lt u set In the page fall 
word, 

1 see ttie description of bit B below. 



KHNCTIONAI. CHANGES FHUM FHEVIOUS HACHlNKa 
MAI' 



Page 7w3 




If- Mt 10 -t<^ aero, this bit gives the state of the Vuser 

/ Request ~bTr^ or the MduX reterence that returned a vaTTa 

twappingT— TT hit 10 is a one, the state ot this bit Is 



unUetlntd, 

It this bit Is a one, the rest of the An«pr«atlon 
returned* Including the pnysicai addressNls valid, it 
this hit Is a ?erQ, there Is no valid map^slng for the 
virtual address) and bits 18*»35 contain the reason tne 
microcode couldit't find a valid mapping, Thiu Intorwatlon 
has the same lormat as bits ^H•i% ot the page fall word 
that would be returned it the specUled page was 
referenced, 



10 



ll-i5 



If this bit Is a one, trie next virtual reference tp the 
page being mapped wiji cause the F.HOX microcode to pcrlorm 
a CSl update operation tor the page. 



It tills bit is 
If this bit 
protected. 



a one, the page being ("apped is writabH', 
is a Bi'rot th« page he1h<i mapp«»d is writp 



If this t»lt is a one, the page being mapped has been 
fnodlHed Since beipy brought mto wewory, ifC,, Ibe page 
Is newer than any bacKup copy, it this bit is a atero, the 
page has. not b,een modified since being brought Into 
«'ei«ory, \\^^jO \^ iV ^^ f 

Trie state ot this bit Is undetined. 



If bit 1 or this bit is a 
virtuai»tp"pnysicai mapping tor the 
not be invalidated on a conditional 
bit 1 and this bit are iero$># 
invalidated on all pager clears, 



one, the hardware 
page being mapped win 
pager clear, if both 

the mapping *»AU be 



If tills bit Is a one, the ftiapplng tor this page Is In user 
space. If this bit is a zero, the inapping fpr tpis page- 
Is in executive si>at?e, 

It this bit is a zero, the microcode found valid 
intormation In the fiardware tranisiation buffer for this 
mapping, if this bit Is a one, the microcode pertormed a 
pointer trace to coctpute the mapping. 



Ttie physical adilress* corresponding to 
of the effective address calculation. 



the virtUdi cidciri'Sb 



Ihe litf ofMiation returned in the AC by the MAP instruction 
on*! of tour dltferertt fortnats, as toilowsj 



cafi 



be in 



If tfte pager is ofl, bits ll»Jh of the effective address of the 
instruction are returned in t>lts U^ib of AC, Bit J (the valid bit) 
is set, and all other bits are tero, Tfiis looks as foUowsi 
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MAP 



JlisaeszssczssssssssassssssssxxscssssssssBssssssssseatesssssxssssi 
jOiOJOJl lOlOiOlOlOiOtOj Hits Uw45 of etfective { 

i i i i i i 1 I i i i i Address { 

|s»s8cxxax»S8SB«sKsasxsssssssttsssss*saBsaesxsssssxssssssas«xsxs| 
012 34&07B91) 3 

1 b 

Korwat of AC if Paginq Is oft 

It the read ot the translation buffer ttiapplng Information results , in 
an error, Uit O is set and bits iwA contain a failure code that 
describes the error, This code is the same as that returned fojr a 
paye fail with bit set. Hits 5#J5 of the AC are undefined, This 
format looks as followsi 

}S.XSSXXXXSSXSXSXXBXBXSXXXBXSZXZXXXaaiSB«SBaSBBaxCSBS««SXSXX««SX| 

{lif'dUurc} Undefined J 

i I Code I J 

)SS«aBBSSXBB8SBXaBSXS8BS3SXS8BBBaX8XXSS8BS8SaBXSaX8ZaXS3SBSBBa j 

14 5 3 



5 



Kortiiut of AC if a fiard error Is detected 



It trie pager is on and there Is a vdild wapplng for the specltled 

virtual address (cither In the mH()X translation buffer or as the 

result of a pointer trace), the format of the Information returned in 
AC is as follows! 

ISJBXBSSS-BBBBBBXXSSBsaXSZSSaSXSSSSSBSCSSBBBBBSXXSSBXSBXBSaXBXas} 

tojKtUii jC|WiMi7lK|iJiTl Physical i 

i U1»M {U{TiDl7}2{SIBJ Address i 

}SB88X8S«8«BaSBSS8axaBSBXBBSaBSXSS8S'SSBSSSB8S8ZXS8B3SXBBBaBBBS| 

Ol234&b7Hyil 3 

1 5 

Korrnat of AC if a valid wappinq vas found 

it the pager is on and thercVjtay no valid wapping for the effective 
address found ceitlier In the mBuX translation buffer or by performing 
a pointer trace), the entire left half of AC is zero (Includlrtg the 
//valid "bit J and the right half has the same format as the right fialf of 
the puge fall word that would be returned if ti)t> specified page was 
referenced. This format looks as follows: 



KtlNCTItJNAl CHANGK.S FHMM t'HKVIOUtJ MACMtNEa 
MAP 
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{XSSSSaSSXSBSSSSSSSSSSSSSSrSSSSSSSXSSSSXSSSSXSSSSBBSSSSSi 

i tLevJ paye tail J 

i I I code 4 

|«SSS»SSCBBSXCB8SBSXBSXSSSXXC3E»«SSSSaSSSSi:SBSS8BSSSSSS8Si 

112 2 3 

7 8 1 5 



Th« correct way to test for a vajid wapiuny returned by MAF is ai 
tuiluNs: 



TLNN AC,llh3) 

KAlLUHt 

SMCCfciiiS 



|t!ard error? 

|No« is vallU bXt on? 

jiiere it hard error or vaUd bit off 

|Here If AC contains a valid mapping 



KL/KS cowpatlblllty 

The Kt. and KS returned different nits describing the mapping. 



KUNCTIUNAI, CHANCFS KHtiM l'PEVrf>US MACHINES 
JHST 



laqi! 7»b 



7,2 JHST 






2!»4 



XH 



Jump and Hestore 



The KCIO iwiuementatlofj ot JHST is very similar to 
RXteiifted rilO Imfijewentatlon with severcjl excej^tiwtis, 
ore as fpUowsi 



the Ksio and 
The exceptions 



K Mnemonic 
01 JKSTCi 



Kunction 

Klufih the lunx, trien luwp to looat-lon 
(previously detinetJ as Poptai.) should 
program modifies the Instructioti stream. 



be 



This 
used 




runt Ian 
Iffle the 



Ob XJi::iTt" 



Ot» XjfcN 



07 XpCW 



M 



10 



12 JKN 



Kestore the program tiays (us appropriate ior the nude ot 
the processor) and PC from the tlag»t'C double word in 
locations r and t+l and continue pertorwiruj instructions 
in norti'al sequence beyinning at the location then 
addressed by PC, It the Instruction is executed it^ exec 
mode, also restore CAH, pab, and PCS trom the tlrst word 
of the tlaywPC double word, 

Q<estorq the level on which the highest priority interrupt 
is currently being held and then per«pr» an XJHSTl-', 

Save the program tlags, CAH, PAB, PCS, and PC in a flag PC 
double Word in locations E and Ktl, Then restore the 
program flags, CAB, and PC from the tlag»PC double word in 
locations Kf'^ and e>j and continue pertornilng instructions 
in normal sequence beginning at the location then 
addressed by PC, Uo not restore PAH or PCS from f+Z, 



Always execute as an muuu 
new PC wortis in the UFT, 




through the\i/u undefined opcodej 



Always execute as an MUMU through the |/u undefined opcode 
new rC words in the UCT, since the KClii always stores 
tlaa-PC double words In XJfriw format, there is no need for 

JI':n. 



H HKM 



Save the program flags in 
by t; and clear bits 13«17, 
ill exec mode, store 
21«»23, and 24«»35, 

instruction is executed In use>r 



bits n-12 of tUo word addressed 

It the ifistruction is executed 

CAB, 'PAB, and PCS in bits 18»2o, 

respectively, of the same word, if the 

^ mod«', ^cietir bits IhTj?^ 
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UHiJT 

This Instruction Is legal In any section. 

It) XjFiiT Hestore the PC Iroin bits b*3lj of the word addressed by t 
and continue pertorB'lr.g instructions in norial sequence 
UeglntUrig at the location then addressed by PC, Do not 
change the proyrawi flays* CAH| PAH, or PCS, 

Kor each ot the lb possible JFiJ'i functions, the table given below 
indicates where each torni of the instruction is legal, The meanings 
of the symbols used to define the legal dowains of the functions are 
as tallowsn 

Yes legal everywhere 

2 heyel only in section »ero 

K Legal only in Kernel (executive) mode 

No Legal tiowhere 

• II Legal where indicated by first symbol but causes fl halt 

If the JHST function Is illegal In the mode or context In which it Is 
executed, the instruction traps as an Muuu ttirough the 1/U undefined 



opcode new PC words 


In the PPT, 


Kunctioti 


Mnemoriic 


Legal dyutai 


yJH^T 


<U 


JHST 


Yes 


JHST 


l» 


JHSTCI 


Yes 


JPST 


7, 


JHSTF 


Z 


JHST 


3, 




No 


JHST 


*t 


HALT 


K«H 


JHST 


5, 


XjHSTt' 


Yes 


JHST 


6, 


XJEN 


K 


JHST 


7, 


XPCW 


K 


JHST 


10. 




f)o 


JHST 


11, 




No 


JHST 


12# 




No 


JHST 


li. 




No 


JHST 


14, 


SKM 


Yes 


JHST 


lb, 


XJHST 


Yes 


JHST 


lt»» 




Hq 


JHST 


17, 




Ho 
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t 740 J AC }(*| XH J 






l^ltSli friuitlpie ACS 



Tfils Instruction pushes ACs onto the stack addressed by ttie stack 
fjolrunr In AC, Tne Instruction IttterPt etb the contentb of E as 
loilgwsi 



0»17 
20*J5 



Ignored 

runctiori code, iice beiow, 

lilt masK of ACS to pusr),, hit 2h correst'oiHis to AC Oj i)U 
35 corresponds to AC 17, 



hits lu uhd 19 are interpreted tis h luhctlon code, as iollowsj 



Code 



I 



MesuU 

Push ACS indicated ty bits 20*35 on ttic stacK, 

Heserved, if this function code Is used, the Instruction 
will generate a paye fail trap to the wonltor. 




Mush ACS indicated hy hits 20»35 on the stack, when this 
Is complete, push the tuil 30»blt effective address of the 
instruction on the stack, /^^^^ ^.^ut^ ^ a^**.^^ /^t-k ^ 

Push ACS indicated by hits 2()»3S on the stack,*^^W>)en this 
is complete, push the full Jo»hlt effective address of the 
instruction on the ^tacH, 

The AC« corresponding to the bit mask in bits 2n«35 are pushed onto 
the stack beyinnln<J with AC and coritlnulru} through AC 17, If the 
stack pointer Is desiynated as one of the ACs to be puttied, the value 
pu«h«d onto the stack is the contents nf the stack pointer at the 
start Of ttie instruction (before it Ig incremented), 

Wfien ail desiunated AC* ^re {>u»hed of»to the stack, the *»ftect1ve 
address of tt)e instruction (Inciudiny section nutpber) is also pushed 
onto thf stack If the function code is 2 or J, 

If the stack pointer overflows during the process of pushing ACs or K, 
trie word which caused the stack Pointer to overflow is pushed on the 
stack (Into the location one past the en<i of stack) arid the 
ihstructign abgrta, settiny tne trat^ 2 fi«iy, 



ft? 






CIIANGhS tHOM I'PKVIOUS HACHlMfiS 
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it tfitJ Instruction fails to cofiplete successfully (stacK overflow, 
paye fail, interrupt! etc,), tne stacK pointer in AC is left unchanged 
(the value tf)at it had at the beylnninu of the instruction), Note 
th.^it in ttUs event, soir-e locations on the stack followlnM the staoK 
pyinter may have been rootllfieU, 






^ ^ 

•>;.. 

r 



FUNCTrUNAL CKAHGKS 
VQVH 



I'HUM Pf^I'lViOUS MACHlNKiJ 



I'aye 7*10 



7,4 PUl^M 



J 



741 



AC 






XH 



yuv muitliiie ACS 



This ttnn-ediate instruction pops ACs from the stuck addressed hy thf 

stack pointer in AC, The Instruction Interprets F ai> follows; 



ti»17 
JB-19 



Ignored 

Function code, see below, 



20»J5 nit fBask of ACs to t»oi>. Hit i>0 porresnornis to KC <>. hU 

3B Corresponds to AC 17, 

Bits 18 arMi 19 are interpreted as a function code, as followst 

Code Result 




I 




Pop ACS indicated 

Reserved, It tfds function code Is used, the J.i»structlor) 
will gencfate a page tall trap to the wonltor, 

Pop ACS indicated bv bits 2U»35 trom the stack. When this 
is coifiPlete, Pop another stack iocatlon and take the next 
instruction frof" the address specliled by the contents ot 
the additional stack location. The ettect is to perforw a 
POpj atter all ACs have been popped, 

Fop ACS indicated by bits 20f»35 from the stack, When this 
is complete, pop another stack location and take the next 
instruction trom the address specified by the contents*! 
Qt trie additional stack location (l,e,, increment the 
contents), the effect is to perform the instruction 
sequence t 

AfUS 0(P) 

Pop J V, 



after all ACs have been pupped. 



The ACs corresponding to the t'it tnask in bits 
the stack beginning with AC 17 and continuing 
stack pointer Is designated as one ot the ACs 
results of tr>f operation are undeflnecj, 



20^35 are 

through 
to be 



popt'ed fro"' 



AC 0, 



It 



popped, 



the 
the 



<^4: 



-p 



t-'liNCTinfiAl 



C'l!Aii(.;fc:« FHOM I'RKVKMJti MACIUNKy 
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wtitsn all tJeslMrtuted Acs dre popped trom the stack, a nonwSKlp or 
retur" "dy be ptTfortnci it the function code is 2 or 3, 



skip 



it the stack pointer uridertlows durlny ti.e process of popping AGs or 
perfor'nlny the optional returhf the instruction is abp|ted and the 
trap 2 tjay is set. In t»\e case wtiere the undertlo* is detected while 
perforininy the return* f'C in chanyed to the vaiue trow the stack 
locatlof* before the trap occurs, 

it tt)t' instruction fails to coti»Piete successlully (stack undertiow, 
pay© ftiilf Interrupti etc,), the stack pointer in AC is ieft unchanqed 
(the value that it \\ati at tlie beqinnlny of the instruction), Note 
that in this event, some AGs n>ay have been modified. 



^yOO W0^ CCb^ 



^^Q^jUyM lf\C0nfL0i 



f- f;nd ^^ p^**^ 



jtiud vO^'^ kfi^^f^ P U^cJyA^f^ 
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7,5 I'USIII 



i 742 J AC Ul XH I 



• + 
J 



PUSH Immediate 



It FC section i9 non»«ero, this instruction pushes the tuli -JO»hit 
effective address onto the stacK, !f the ettectlvc 0ctd|*css 
calculation r<PSUUs in a local reference to an AC in a non»i!ero 
section* the effective adOress^^is first oonverteu to the uiobai AC 
address fyr»' before helny pgsJied^on/ttnBistacK, 

if PC sectioti is zero, 0,,fc;A Is pusheu onto the stacK, 

piJatii y,K is therefore functionally equivalent to the following 
sequei'cej 



XHtJVt:j AC,t 
PUSH I ,AC 

except that no AC is destroyed, 

Note that because of the conversion of local AC references to gionai 
AC forf'f the follpwiny instruction^ when executed in a non»?ero 
section* pushes Jf#10 on the stack instead of u*,luj 

PUSH I P,JO 



FUNCTIONAL CliANGFlS FHriM PHtVIODS MACHINKS 
uther functlotidl chaijyes 



Paye fmli 



1 ,(f (Jtder functional changes 

This section lists other functional changes that dlstinquish the KCIO 



7,6,} C'fianyes to privileged Instructions 

Many ot the instructions whose opcodes are in the range 700,.737 have 
changt-'U to adapt to the KCiO exec»woUe environment. See the chapter 
on ApfiO, ApHl* anu apm2 Instructions tor more detail. 



7,6,2 f litiiination ot public and supervisor modes 



T»>e KI K' puhlic and supervisor 
trOi" tht: KCIO, Ttie processor 
in exec mode and as i£ it were 



processor modes have 
acts as it it were I 
in cor»cealed mode whl 




elimiriated 
mode while 
user mode. 



m addition to renovlny the modes, the KCIO eliminates other things 
that are related to the processor modes, Amon«* these are the previous 
coritcxt public PC tlay, t»ie «( « bit In TUPSp20 paging pointers, thi- 
"f* Pit iu the page tail wQr<l# etc, 



7, 6, J Overflow it^ exec mode 



in exec mode on the \shlO, PC flag bit 

context public, on the KClOi PC 

overflow both in user and exec modes;, 

can cause a trap 1 event that is processed in the same manner as a 

user'»'"0de trap i event, 



was used to indicate previous 
flag bit is used to indicate 
Therefore, an exec»»ode program 



7,6,4 Cdchable page status 

The ai'illty to nake single pages cachabie or nut has been removed from 
thi? KdC, Theretorei there is no longer a "C" bit in the TaPSf20 
paying pointers, nor a «C" bit in the page fail word. On the KCJO, 
all wemory references are assumed to be cachabie. 



7,fe,b XiiLT 111 section r.ero 

trie XtM.T ltistructlor> is legal wf>en |>C section is aero on the KClu, 
See tiie chaj)ter on Extended Addressing for more information on this 
subject. 



Uther junctional ctianyes 
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7,6,6 JHS'I changes 

iiowe of tfie JHSTwciass Instructions have changed and/or been redefined 
Oh thtt KCiOt Tf-e *^ev changes are as followsi 

POHTAU has been renamed to JHSTCl and is now used to flush 
the luux 11 the program overwrites the instruction stream, 

JHST 10# and vJf-'N are Illegal and arc treatetl as MUUOg, 

SKM is [)ow legal In all sections, 

XJH3T has heen added, 

See the section on JKST at>oviP niore more i)itortfiatlon. 



7,6,7 PXCT 

MXCT hus been changed to make It obey the architecture, Aiso, In 
places where the architecture dctlned conflicting requirements, It was 
changed also. The PXCT section in the chapter or> Extended Addresslnd 
contains more Intormatlon about this topic, The key tunctloricjl 
trhdbMtfs are as foliowsi 

T[)e allowable cases ol: fXCT iHUt] have been limited to re«ove 

SQwe contUctlng rc'iuireifents, l(f'PAC and STPAC tiave been 
added to fake UP tor the loss, 

Previous context stack reterences for I'USH and POP arc no 
longer allowed, 

The interpretation of the AC bits for PXCt [MOVfiLU] has 
changed to reduce the Complexity, 



7,6,8 Paging 

The KCiO ifltpienients the full 40y6»sectlon virtual address space as 
detin^d in the architecture, To do this, an additional level of 
pointer data structure was defined to support the change, Also, 
additional bits f^ave been defined In the pointers and In the CST, 

The KJio paging mode that was used ori the K It o and early rups.io 
versions of the KI.IO has been decorotnlited, 

tiee the chapter on Paging for more Information, 



KHNCTHJNAL CHANGKS FHfiM PREVIOUS MACHINES 
uther tuiictional clianyes 



Page 7«j5 



7,^,9 Mays»PC double word 

Tfi« forfeit ot the tlatjs»FC double wortJ has changed to alio* tor a 
I2»blt t'CS field and to include the CAli and i-'Ab tlejds, Jiee the 
chapter ot\ Process Context Variables for more ihtor'fiatlon. 



7,6,10 Process context variables 

The action ot the processor with regard to process context variables 
orj a cof^text switch has changed. See the table at the end of the 
chapter or^ Process Context variables for more Information, 



7,6,U Systeii' timers 

Triv forii!dt of the titncbase has changed to rivjhtwjustlty tiit 

Uuuble«preclsloii Iriteyer In the double*word, irt tiddltlon, tr>e kho 

accounting meters have been replaced ny the user runtime metiT, tSec 
the chdpter on System Timers for more information, 
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The KLIO I 

s<)Ctlon o 

structures 

The KCIO w 
that will 
supports 4 
TrUs wlU 
using TOHS 
Implement 



ffiplentented i>otn TUl^5» 

t virtual address st>a 

Qf 32 sections of vlr 

used on the KLiO Imp 



U iCorOy^lnipieme 

support a (Maximum 

U9b sections gt vj,rtu 
bk done in such a 

•20 paylnq to be In d 

a new "mgde" bit in t 



10 paying, which supported only one 
ce, and TUPSii20 paging, which supported 
tual address space, The paging data 
osed these limitations, 

Turs»20 paging KLio compatible sub-.mode 
a* 32 sections, and a new mode that 
di address space with T0S^i>p2U paginy, 
Manner «»8 to allow ditterent processes 
iffererstpaginy modes wjthout having to 
he process context variables, 



B,2 Puglng hardware and microcode 



-7 



The KClo translation butler OHr'P'age t^bie as it was known on the 
KttJO) is 2K words long, M way ajisociative, and fias a 1 word block 
8i*e, In the Klio, translat icnrt-trotf er retlUs tor only T0PS»20 paging 
Were Uone by the KBUX microcode, m the KClo, ail translation butter 
refills are done by ti»e tHUX microcode. 

The KCIO translation butfer is indexed by virtual address bits \bw2h 
wltri the state ot bit 16 inverted in user space to separate user and 
exec entries tor the sa'ne Page, Kach translation butter slot contains 
virtual address bits 6«1J) for the current entry, state bits (described 
below), and the corrcspondinti physical address bits ii»26 for the 
current entry, The translation butter state bits are as followsi 



User 



Valid 



A 1 in 

page, 

page, 



this Pit ItuJlcdtes that this entry describes a user 
A indicates th<it this entry describes at\ exec 



A I In this bit irsdlcates that this entry contaifis a valid 
mapping, A o in tf)ls hit indicates that no valid mapping 
exists in this translation buffer entry and that an hihOX 
trar^slatlon buffer refill is required when h virtual 
reterenre is made. 



MAGING 



Fage 8*»2 



Modified 



Mritat>ie 



KKtM' 



cat update 



descrit^es a 

iJTOuqht into 
any backup 
the mapplny 
since being 
a paqe wtiose 



A i in this bit indicates that ttie mapping 

paye that has been tnodltled since being 

niernorVr 4,e,, that this page is newer than 

Copy, A in ttiis bit Indicates that 

describes a page that has not been modified 

brought into memory, A write reference to 

transiation buffer ••ntoditied" bit is will cause an ttiUX 

paye fail trap. The KUOX will Mpdate the CST fntry tor 

that page to set the M bit (bit 35), set this bit in the 

translation buffer entry* ^ttd restart the reference, 

A 1 in this bit indicates that ttte mapping describes a 
page that is writable, A o in this bit indicates that the 
maprlng describes a page that is write»prqtectert, ft wfttr 
reference to a page whose trnnslation buffer "writable" 
bit is Will cause an t^HOX page tall traf> and a 
corresponding page tail tr«^P to the monitor, 

A I in this bit indicates tfiat thJs wapplnc) is not to he 
Invalidated it the traiisldt Ion buffer Is cleared wltri a 
WHCTX instruction that does not specify all pages (bit i 
In E of WHCTX), It has no effect on translation buffer 
clears caused by WHFIHP or CbHPT Instructions, A o in this 
bit Indicates that tfiere urt no restrictions In clearing 
titis entry on a tr'^^slatlon buffer clear, 

A I in this bit causes an EUOX page fail trap on the next 
virtual re*<^rehc?e to the paofe rtescrlhert by this entry, 
T[)e Ki'iUt performs a CST update operation and clears this 
bit in the entry witriout clearing the rest of the mapping, 
A SKTCU instruction sets tms bit in an er)trles in the 
translation butter and it is cleared by the fciHUX for 
Individual entries wrien tfie CiST update has been performed. 



B,i Cachlrig ot paglnq Information 

in an attempt to make the vlrtual-to^priystcal translation perfor»ed by 
the pager as fast as possible, the KCH) Keeps a cache of several 
levels of information about recent transiatjorjS, Tne most obvious 
example of this caching is the MbDX translation buffer which stores* 
in hardware, up to 'iK trahslations, in addition to this, the t;iuix 
wlcrocode caches ^ sQ!«e lntorWd t,lon about the last few tr«»nslatlon 
buffer refills that it perfor'^etmn working storage inside the UbijxJ) 
The i:uf'x cdcft is Intended to "ake translation butfcr refills^, as tn^ 
as possible In ttie cage where tt^ere Is no valid translation in the 
MHUX, 



IMAGING 
Cacltiiig 



of paying injtormatton 



Faqp 8»3 



the KCio, a 



Ithouyh the invalidation also effects the EliOX caching, 



The CLHPT, WRCTX, and WHEHR instructions stlU clear 
translation buffer entry or entries as appropriate but they 
aU or part of the Kf»OX informatlofi, This process 
transparent to the monitor proyrafpwer j if the invalidation 
on a KLlo, it. will work Oh a KCIO since the same aiyorithms 



^ 



tne MBUX 
also clear 
should be 
would work 
apply. 



The 
opt 

KBU 
UPT 
trie 

and 
thi 



re is one case, howeveri where the KCio is different. In order 
i»i«e the processiny of KL compatible payiny vg, kc paylny, 
X (iiicrocoUe caches the first super section Pointers from ^An 
locations b20. These two locations are read and cached an 
wonitor does a WHEUP Instruction or a wmGTX that changes the uiih, 
thp inl^ormation is fwf cleared on a CLPPT, Ti,g dmly way to fiusn 
s intorn'atlon i? with another whfhh or WHCTX, 




I'AGINU I'aqe a 9 4 

TUl'S,20 payiny 

8,4 TUPS»20 paqlny 

B,4,i l^uqer Hata Structure 

The KI(lO*s ArinileiiientdtiQn Qi extetuled sectJLons was to allow a tnaximum 
Of 32 section pointers to be placed in f'iFT/ilPT locations 540w577, A 
isinyie puye tull ot section pointers can only reterence bi2 sections, 
8 paqes Qt section pointers wm be requirefJ to address 4096 sections, 
^ince we are yolny to create some new data items and structure, let us 
detlr»e so»e terms: 

1, A page containing section pointers wilJ be called a "Section 
Table" or ST, The pointer types found herein are identical 

to those already Jound in r:{'T/itpT jocs 540*577 on a !<M0, 

2, A page contalnlny map polfiters will he called a paqe map, 

3, VMA<foiB> will be called the "Super section Number" and will 
be used to deterit'lne whicti of the » Section Tables to look 
lt>. 

4, Kl'T/!'pT locations 520-»527 will be a "Super Section Table" or 
S8T, and win be indexed by VMA<t>jH>, 

b, The Super Section Tai'le wiu contain t)t>w pointer types called 
"Super Section Pointers" defined below, 



B,4,2 Pointers 

The Microcode evaluates three kinds of pointersi super section 
pointers, section pointers, and map pointers. These are used in super 
sectlot) tables, section tables, and paqe maps, respectively, There 
are 5 types ot Pointers dlstlnyuished by a type code in bits 0*2 of 
the pointer; of these, three are access pointers that allow access to 
the qiven super section, section, or paqe and are identical in the 
torroat of the left 9 bits, Tfsls format Is as toliowst 

i ■««««■>>« sssssssx 

|Type| JWi J {K} 1 

|ssscssss«ss8s8sas 

2i4Sb7« 

Uits 3, 5, 6, and 8 are Iqnorcd by tfie microcode atjd may be used by 
the software, 

tvery access pointer ot this type must have "usf" nits for the super 
section, section, or page it represents. These bits, w and K, 
Indicate wriettser thr super sectlori, section, or paye Is writable, or 
fccept, Throuyhout the evaluation procedure tr»e microcode etfeotlvely 
andf these bits froti' one poltiter to trie f^ext, so the tlrial result 
rtiqulrt's that the qlven characteristics be speclflecJ at every step, 






Paye 8*5 



m other Words, if w is i in the final Pointer tor tue mapplna, the 
paye Is writable provided the super section and the section were also 
specified as writable by the original super section and section 
pointers, and "writable" has been specitied by every other pointer 
enoounterfd ajony tite way, 

Note tnat the w bit is also ANUed with the w bit In the CST eritry tor 
the final cjata paye to deteffiilne the state of the translation buffer W 
State bit. This final operation is not done It tfie CST base address 

0,4,2,1 suprr section rolnters 0^ v^ ^ 

Entries In the super section Table In tPT/Upr locations b20wS27 are of 
the tollywiny tlve types. All other types are reserved and win cause 
a paqe fail if the microcode encounters them on a refill. 



No access 

{X«3«S«B8S8SSSSs3SSSaCSSS«KSE«SBS8SBC«S«SS 

i I Available to softwdfe 

iSSSSSSSSSS7SSSSSSSSS8SSSSSSSSSS3SXSSSSS3 

2 3 
The super section is inaccessible, 



ssssssssssxsc 



J 



sssssxssssssssss 






iwmedlate 

lSSSBSSBS(iZSSS«C3SS3SXSXSS«SSS8SSSXSBX3SSSS«SCSSSXSSSS«SS«S| 

t 1 : {1^; { iKlHsvd IStorayet Page number j 

{ i i { i i { IMediuro i of section table j 

(SBX«BBSBS8SSSSX3SSSSSSSS«SBaBBSBeBS«XSXBS8XSSSBSSaSBSS8SB« { 

02J4b<j7BUl2l7 1B 3tj 

If bits J2»l7 are jero, the section table Is In the page specified by 
bits IB»35, Otherwise, the Page Is not in memory, 



Shared 



iXS.SSSB8 8 88XBSSB3SSXaBaS8X8B88SSSaS3S8 8SSSS8*8SS8S8 8SXS8 I 

I 'd I i^l I IKJ Heserved i aPT Index J 

2 i 4 b b 7 H 17 IB Jb 

t the sectlori tal>le is In the SPt at thf offset 
y bits lB»jb 




M^' ' 



PACJING 
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pagin« 



y&qe Hmfi 



indirect 

{8S««S»«SCBSSSXBCS«SaSBSaS«SSSBSB8«SSS«S«SS««8SS«C8SSSSSBXa{ 

{ 3 i {Wi i iK} jSuper Section |SpT index contciining adr of| 
I { J J i t i J Table index ianotner 9Uper section t^iUiej 

t B8S8 88BSBSB888S8SS8S8SB888BSS8BBS8SSSSSSSSSSSS8S8SS8888B88 j 

0234&t»7«9 17 t« 3t> 

in th«j 3PT offset fpeclUed by bits 1«w3!j is the page address ot a 
secondary syper section tabie, The ne)(t sqper section pointer to be 
evaluated is in that table at the ottset specJtled by bits 9»17, 

KL co!"patlble 

iB8SXSSSSSSS8SCS3&SSSSSS8SSSSS8S888BBS888SBXBSSSSS888BBS { 

i 4 ) Available to Sofitvare i 

t 88BB8SBB8SSBBS8SSSSSSSSSBSX88S3S8BSCS8S3SBB883S8S8XSBSS j 

2 3 iO 

inis type of pointer may QNT^JappearN/ln KPT/npT otfset b20 and 
indicates that KL compatTTjTP paglnq is to be used, J£ V?^A<b:I2> is 
lero, use VMA<13tt7> as an index Into the Kf. compatible section table 
Starting at t;pT/uiT otfset 540 and pertorm the pointer evaluation 
exactly as a Ki^lO would, it vMA<b|i2> is non^zero or it this type ot 
pointer appears in a super section table entry other than that at 
fPT/UPT offset 520| a paye fail trap will occur, See the section on 
patje fall conditions for the page fail codes. 



B»4,2t2 Section I'ointers 

Entries in a section table are of the following four types, All other 
types are reserved and will cause a page fall if the microcode 
encounter* them on a retill. 

No access 

|8S'm«BSS*SSSS888SSSSB8XSS8B88BBSXaB*BB8*S*BSBBS«888a«Ba| 

i i Available to software } 

iSaa;S8«SX8BSSBSs8SS8SSa88SaSSSXSSS8S88S88SSBSSSBSSSSSSSS j 

2 3 i'j 

The st'Ction is inaccessible. 



intiH'dldtK 



;SSSS3SSSSSSZSSSSSSSSSS3SSS88SSSSSXS&SS88SSSSS3SSSSSaSZSSX8j 

1 ' i {i*i I {KjHsvd IStoragel Page number t 

I i i i ! i i {Medluiti J of page map j 

{SSSSS3SaXB3SCSS3SSSXS8XSS8S8SSSSSSSBSS8SXSSS3SaB33SS3SSSSa j 

V 2 14 5 b 7 H 11 12 t? ly i'j 



FAUINC; 
TQk'a^ZU paging 



Page [l^l 



It bits J2itl7 are zero, the page map is in the page specified by t>lt,s 
1M"J5, Utherwise, the page is not in memory, 

{jhtire«J 

) 8SS«S«SS3i«SBS.SSBBSS3SSSSCS$aXSSSS3rsSSSS«XSSSS83SCXS«B3| 

J 'i J }W} I iKj HeservetJ i SPT jndeK { 

{sssassBssssassssssBssssssx&BxsxsaxsssssssssBSSssssssxasi 
02345b7B 17ia Jb 

The pdge address ol the page map is lr» the »SPT at the ottset specltied 
by bits 1«*35 



Indirect 



I BBSS BBBBSSBBBS esse SSBBBSEXB8SBBBSS8B BBS SSBX BBSS 8 BBSSBBBBSS ( 

i 3 i iWi 1 {K{ { Section i aPT index contdining diJdr i 
I I 1 1 1 1 1 { Table index I ot another section table I 

1 eX'a^BBSSSSBSBBXBSBBSBBXBSBBXaBSXSSXSBSBBXSXXXXBSXXSBSBXSXBB ( 

2 3 4 b 6 7 U »> 17 IB 3b 



in thts SpT ottset specified by t-its lU«i!i is tnc page address ot a 
secondary section table, Tlte next section pointer to be evaluated Is 
In that table at the offset specified by bits y*17. 



8,4,2,3 Map r>olnters 

t'ntrles In a page map are qt these tour types, All other types are 
reserved and wlU cause a page fall It the microcode encounters them 
on a reflU, 

No access 

iSBSaSXSSSSSSBSSSSSZSSSSSSSSSSSSSXSSBSSSSSXSSaSBSSSSSSSSi 

i i Available to software j 

iB8»aaBS8asBB8axsaaaxsB8S8aB8SXsx8ss8sxxsasxsxaaass8SSBB I 
I' 2 3 35 



The page is inaccessible, 



Iwmt'dlate 



tSaSaaSS8BBXXSSX8SSBSSSSaSXS8SSKSSSS83SaSSSSSSS8SSSZS8SSSSs! 

i 1 i JWi { {K'l'svd JiStoracjei (><iqe rnjwuer J 

{ { { { J J I {Medium i for mapping [ 

issaasaxaBasasaBaaxxxaBxxsxSasxxasssxxaxxaxaaxasaasssaasBBs { 
2 3 4 b b 7 8 n 12 17 1« 3'j 



If bits 12-17 are zero, the ptiyslcal pagt; specliled by bits Ui«3b 
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Page U«H 



correipoitUs to the referenced virtual page, otherwise, tfie page is 
not if) memory. 



^hare<i 




The page address for the mapping for the referenced virtual page it* in 
the SPT at the offset specified by bits lB»3b, 



Indirect 



t«S;e«S«S«SBS3S*SSXeBS8aSSSSB8S3SSS8BSSSCBXX8BSSBSSBJBSSSSSS8( 

{ J i iWi 1 Hi { Page I VA'T Index contdlnlriu a«hJr } 

1 1 i i 1 1 I ! Map index < of another pagfe map t 

j|BSS8SBiCSSSS8SB8SSSSa88SSS8SSSSS8S8S8SSSSSSSXSS8SS8S8S8S8S8t 

2 3 4 5 b 7 H '> 17 1H Jh 



m the aiT ottset specified by t-lts lUs-Jb is thf page address of u 
secondary page ittap, The next map pointer t" l-'e evaluated Is In that 
map at ttie offset specified by t>lts y-17, 



8,4,3 Fage address words 
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Kor muirect pointers, the tnlcrocode wUl actu^iJy encpunter i«ore than 
on« page address *»ord. 



«,4,4 Conversion of Virtual to Physical Addresses 

An atfclrpss Is converted to a Physical Paqe* numner as folio«s| 

VMA<6|B> is used to index int,o the Super Section Table, One at the b 
ppinter types (super section Pointers) can occur herej no Access, 
iwwedldte, shared, Indirect, or Kl, ooroP«tihie, imtflediate, shared, or 
indirect pointers yield the physical page number of a Section Tahle 
page, V^^A<9n7> Is used to iniiex into the Section TdUle to obtain a 
Section Pointer. Address translation then proceeds as on the klio 
after the section pointer tetch, (See PKCsy»teniio/20 Processor 
Heference Manual, Aa«}iJ91A«tk tor a eontpiete description). The VMA 
can be thought ot as followst . .< ^ ^ 

5 b B t» 17 35 

JssszrscscsrzszssssssscssssssssxssssssrsBsssssssssssss* 

1 u {SSTj ST I page no, i word no, \ 

|SSSSSSSScSSSSXSSSSSXSSBKSS8«S8SSS«SSS8BBSSSXCi:iBSSBSS«i 



M,4,5 f'uae refill 

«»*t5»l CST updates 

Ttie Y^^^^% microcode performs an operation ipaiied a "CST update" at 

several points during the processing of a page fault detected by the 

MBUX translation Puffer, Ttie operatioris performed by a CST update are 
as follows} 

1, If the CST base addr«*ss Is »ero, skip the rest of the steps, 

2, Head the CST entry for the r)hyslca1 page iri question from the 
word addressed by the sum ot the CST base register and the 
physical page number, 

3, If the age in the entry (bits 0»5) is ?ero, start an 
agewtoowgwali page fall trap to tlie monitor and skip the rest 
of the steps, 

4, AND the entry with the contents of tt«e csT mask register (set 

by the whcstm Instruction), 

5, OH the masked entry with the contents of tlie process use 
register (set by the WHPiiH Instruction), 



I'hQlHC 
TOHS.20 paging 



Page Scio 



bt Set the modified (M) bit In the entry#C^if necessaryJ 
7, Write the entry back Ihto the csr m mewpry, If necessary, 
The cases under wfilch a CST update Is pertormed are dS tplXows: 

1, A payt tauit caused t>y a write reterence to a page that m 
writahie hut not yet moditleu. This case sets the modified 
bit in the entry and writes It back Into the CST, 

2, A page tault caused by the CST*update.needed bit set in the 
translation butter entry tor the referenced paye, This case 
writes the entry back Into the CST, 

3, A pointer trace evaluates the address of a new physical page, 
Ttils case pertortis only steps J»J as described above for the 
Intetttiedldte pages in the pointer trace, Kor the tlnal data 
page that Is evaluated by the pointer trace, tbe fuU update 
is perforttied atui ttie updated entry is written back Into the 
CST, 




Th« C^T is a Pt^le indexed by physical page number and checked 
whenever a Cnew) memory page Is referenced by the microcode, in 
ddltlon, it is updated tor tbe tlnal data page obtained in a page 
ail Pointer trace and tor writabie»but»not»yet*»odif led and 
at^update^needed EHUX page tails, The cST forniat is as tollowsj 



y 



|«s9a«.«Basm8S8»xsss««ai«sss«sssscsssss8«sssasssasa«msBS8| 
J Stdte code 1 Available to software {WiM] 

i 888889888888 8*8 SSSSXS8SSSSSS8SSSSXSS88C8SSS 8 SXSSSSSSSS! 

B 9 J J 

4 5 

Th0 Monitor keeps a state code In bits 0,8 ot the entry j within the 
code# bits 0»!i represent trie page age, which must be non-gero tor the 
page to be usable, A zero page age results In ar^ age-»too»sBial I page 
tail trap to the monitor, The "W bit is the master write»enabie bit 
tor tup priysical page and is ANOed with the "W* bits In the page 
pointers when a data page address is written into the translation 
buftert The "m" bit indicates that tr>e page has been moditied since 
being i>rouyt5t Into memory and 1& set by the microcode or. h 
writable«ibut«not*yct*Hiodlf led KHox f>ane fail trap. 
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laye 8»li 



«,4,5,i CST mask register format 



The CST mask register is ANDed with the CST ^„^. j «-.*,.., -,.v vw* 

It should qontaln a one An every bit position that 



update 
p 

'"«■'• »»»*t**».«ij BiiyuAM a4,na;a vwilVrCIAIi VIICB ill U 

M bjts) and ePros In uUs 0-b ttlie page aye). 



entry during the 



CST 
hat 



paattf process, it should qontaln a one An every bit position that 
uit he preserved durlny the update procedure and a «ero In every bXt 
otltlon that must he cleared durlny the update. Therefore, the CST 
aiK register should always contain ones In bits 34 and 36 (the ^ and 
bJts) and eeros In uUs 0-b ttlie page aye). 



b,4,5,4 Process Use Heyister tormat 

The Process Use I'cqlstcr is nfed wun the tnaskeu CST entry duiltig the 
CST Update prpcess, U should contain a icro In every bit position 
that must be preserved during the update procedure and a one in every 
bit position that should be set, Theretore, the Process Use Heglster 
should always contain zeros In hits J4 and js (the W and M hits) and 
the new page aye in bits 0»5, 



H,4,5,5 Translation butter state bJts 

A retiU sets the translation butter state hits as a lunction ot the 
logical and ot all the pointer use bits that it evaluated in trie 
pointer chase. The relationship is as toliowsi 



state bit Set it the following condition is met 

"ser I it this mapping Is for user space. 

Valid Always set to a 1, 

Modi tied 1 it the physical page correspondlf>g to this mapping has 
already been modified according to the CST entry tor that 
page. 



! if the joglcaj and ot t»)e w pointer use 
pointers evaluated was a l, 



wrltaiJie 

K«ep 

CST update Always set to a o 



hits of all 



1 if the logical and of the K pointer use bits of al) 
pointers evaluated was a 1, 
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K,4,£),() Write reierences 

when a virtual write reference Is made to the MHOX» the result is a 
function yf the translation buffer entry cortespoiidlny to the virtual 
address specified tjy the kmoX, Write references are particularly 
Interestlny because they can succeed or fall based on the state of thP 
writable and modified hits If) the translation buffer. The 
relationship between wflte references and tUe four possible 
cowbinatlons of the writable and modified bits Is as followsi 

writable Modified tffect 

The page is not writable, A write failure page 

fall trap will be given to the monitor, 

1 Trie pacje Is nut writable, A write failure page 

fall traf> will be given to the monitor, 

1 The page Is writable but not yet modified. Tbe 

KbdX microcode win get a page fall trap, update 
the CijT entry for the page to set the M bit, set 
the wodlfied bit in the tr«nalatior» buffer, and 
retry the reference, Note tfiat t^e Euux microcode 
can give an illegal age page tall trap to the 
ntonitor if thia CST age tor the referenced j)age is 
Illegal, 

I I The write will succeed, 



a,4,b Page fall conditions and formats 

A Page failure occurs when the Pager Is unable to maKe a desired 
nieMory reference, the EHOX detects an Illegal condition while 
executing an instruction te,y,, incorrectly formated indirect word, 
Illegal one^word-global byte pointer, etc,), or the mbox detects a 
tiardwitre failure while processing a memory request, When such a 
condition occurs, the feiUuX microcode stores lntor«'atlon about the page 
tall In UP'l locations 45i»4b5, stores the current tlag.pc double word 
In llpT locations 456-457 and loads the new flags, CAU, and PC from the 
new flag«PC double word In UPT locations 4bO»4oi\ The format of each 
of these words is described below. 
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IIPT location 451 contains the pay© tail i*or<l that descriUes the 
condition that caused the page tall. The format is as followsi 

}SSZ3SS£SSS«SSSSS$3SXSSS3£aS33SSSSSSBS«BSSSSZSSSSS3CSSSS { 

45Ji (IUKlU|VtClW|MiAtWlPtTtHsvd ILev} Page fail code I 

|l>tPlS|LJSJTiP|BlfiH|Mi { J i 

j(BSS«««SSS«S«SSS83SS«SeBSS3SSSSSSS3 = S8SSSSSS3SSSBSSSSS3S J 

1 2 3 4 5 b 7 e y 1 1 \ \ '2 2 3 

17 8 1 5 

The definition of each field is as followsi 

This paqc tall was caused by n "hard" error, Tf^ls does 

not necessarily wean that « hardware tallure occurred, if 
this I'it is seti bits 1»4 contain a code that descrihep 
the taliure, The tJhUX microcode copies the code to bits 
27<i>i5 and the valid codes arc described below. 



fer "keep" 
n a Virtual 



This bit gives the state ot ttie translation bu£ 
state bit tor a Page tail that resulted tro 
translation failure. 

This bit Is returned as u I it the reference was to user 
space, It the reference was to exec space^ this bit is 
returned as a o. 

This hit qlves the state qt the translation butter •♦valid" 
state bit for a page tail that resulted from a virtual 
translation failuret 

This bit gives the state of the translation buffer "CaT 
update needed" ftate bit for a Page fail that resulted 
troiR a virtual translation failure. 

This bit gives the state of the translation buffer 
"writable" state bit for a page fail that resulted from a 
virtual translation failure, 

This bit gives the state of the translation buffer 
"iwodltied" state bit for a page fall that resulted trom a 
virtual translation failure, 

If this bit is a If the memory reference caused ati address 
break match. 

If this b|t is a 1, the page tan was caused by a 
reference that wrlte-»f ailed because of the state ot the 
translation buffer writable and modified state hits, iiuch 
a reference may either be a write or a write test, This 
bit is valid only for a page tall that resulted from a 
vlrtu<il reference. 
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y It this- bit Is a 1, the memory request «as a physical 

reference. If the t>lt Is a 0, the wemory request was a 
virtual reference, 

i^ It this t»lt is a 1, ^here was no valid translation buffer 

mapping fqr the virtual address in the request, 

ll«17 Peservcd 

18"»20 This field gives the leyci at Which thif pay? faij was 
detected. The level i§ priroarily usecj to tell the monitor 
• here a tpansl«tis>n buffer refill pointer trace stopped 
and is used lo conjunction with the additional data mofdu 

descrlhed below. This field can contain one of four 
values as follows: 

This paqe fault was not the result of a pointer 
tr-ace, or the page fall condition was detected 
before the first pointer was fetched, 

i This page fault was detected while processing « 
super section pointer, 

2 This. page fault was detected while processing a 
section pointeri 

3 This page fault was detected while processing a pagi? 
pointer, 

2I»»35 This field gives a code that describes the cause of the 
page tali. The monitor should never have to look at 
anything other than bits o (hard), 2 (user), y (physical 
reference), 18»20 (level), anU this code to determine the 
exact cause of the page fail. The rest of the bits in 
this word are returned only as additional information to 
be used to tJebug problenis. There are ti»o types of codes 
that are returned in this field, depending on the state of 
bit 0, ]f bit is a zero, the page fall and code are the 
result of one of the following condltionsi 

1, There was no valid translatlors for the reference 
address, 

2, A write reference failed because the page wasn't 
writable, 

J, An address break occurred, 

4, The ^BUX detected an illegal condition while executing 
an instruction. 

If bit is a one, the page fall and code are the result 
of a "fiard" error, l':acr) case is described separately m 
the section on page fall codes. 
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UPT iocatlon 452 contains the reference address (If any) tor the 
request tfiat paye failed. This address Is the virtual mewory address 
for virtual requests and the physical »e»ory address for i^hysicaj 
requests, it is only valid for those page tail conditions that 
resulted from a virtual reference. The table at the end of this 
section describes under "hich page fail conditions it is validg 

♦S2| i 0000 1 Keterence address i 

|BBS«aBBSSSa*SBSBSS8«ZSBBBS&SBBBBBBB»SBBSSBSSSBSSSSB«BS*i 

5 6 35 



iiHT locatlpn 4b3 contains the physical wewory address (it any) for the 
request that page failed. It is only valid for those page tall 
conditions that have a valid PMA, The tabje at the end ot this 
section describes under which page fall conditions it is valid, 

iBBSBBBBBBSBBBBBSSSBSBBBSSBSBBBBBBBSaBBBBBBBaaSSBBSBSBSB t 

4531 I Hsvd 1 Page tall I^ma | 

{SSX8aaSSBSSSSSS3S:SSSaS3B«BS3SS8SSSSS3SaSSS333SSS:SSa8S} 

10 H JS 



iipT locations 454 and 455 contain additional data that is different 
tor each type of page fall, Thp contents of these words are tjlvpn for 
eac») page fail at the end of this section, The format of these words 
is as follows! 

(SB3a*a««aasaeSBBS3BaBSBsssss8BBSSBSBaa8aBas3S8sz8BssaBa } 
4S4i I Additional data word 1 i 

455j I Additional data word 2 { 

{BX3a8888S8S8|ESS83aS38aaSSBESSSSBSaSSSSBSSS8S3SSS3SSaSB«{ 



UPT locations 45tj»457 contain the flags, CAH, PAH, PCS, and PC at the 
tiwe of the f>aye fall in the following forwatJ 

12 li 1« 21 24 J5 

tSSSa8XB8SSSaBSa358Xa8SBSS8SX8 3SXBaaa8XSSSSSSaSBaS88S88a4- 

45bi t Klays J 000 }CAh{PAH } PCS • 
457i J 0000 i PC J 

4S3SSXBKSXaSSXXXZSSSaSXXSSSX3SS8aSSSSS8S3SSS3SB8XSSSSSSS4 

4 h Ifi 
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UMT locations 460«.4fal are setup by the monitor and contain the tlags, 
CAB, PAU, and new PC to be loaded when a paye tail occurs. The words 
are In the Collowing forwatj 

12 l« 21 24 3b 

♦ «BS'«SS««SS'ZXXCC8SSS;SBBSZXXS«SSSSSSS«S«8S3SSSSSSSSSBS»S8f 

4(>o» t New tiays I HSVd iGAHJPAU{ Ksvd I 

t - - .^•* 

4611 I Bsvd i • Page tali new pq i 

JSBSSSSSSSSSSBSsSSSSSSSSSBessSSSSSSSCBSXXSSSSSSSSCSSSSSSJ 

?j fa in 



t)«4,6fl Tops»20 page fall codes and additional data 

Ihls section defines the page tall codes that may appear in bits 2l»i5 
Of the page fall word and the additional data words returned tor each 
code. For each code below, "HAD", "pMA", "ADl", and •'AU2" represent 
trte dat« returned In wortls 4S?-4S^ of thf liPT, 



CAttTlON 

The page tall codes described below are 
generated by the fhdx microcode and can 
t^e easily changed. These page fall 
codes are a flrstspass attempt at 
Assigning values, They may very well 
tjhange as we add or delete codes, it 1$ 
strongly suggested that you not maK« 
assumptions about the numeric value o£ 
any particular code. 



If bit is off In the page fall word (indicating that this page fall 
is not the result of a "hard" error )# the codes that way appear in 
bits 2l*i5 of the page fan word are as foUowsi 



write failure m a write refererice was attempted to a 
wrlte»protccted page (W bit off in the translation buffer), 

PAD feterence address that caused the page fail, 

PMA Pr>vslcal address correspontJlng to tne reference a<i(}ress, 

ADl lindetlned, 
AU2 Undefined 



mys«20 paylny 



Vaqe 0»17 



iUeyal aqe • An llleqal CST age was detected for a Page during 
the processing of one of ^he foliowlna paqe falls: 

t, CST update needed, 

2, write reterence to a writable but not yet raodltled page, 

Hhl) Heference address that caused the page fali, 
PMA Physical address corresponding to the reference address 
AOl Undefined, 
AU2 Undefined, 
Address break • An address breaK occurred, 

RAD f'eference address that CaUsed the patje full, 
PMA Undefined, 
*D1 Undefined, 
AU2 undetiriecj, 

Illegal super section polriter o •» A pointer with type b, 6, or 7 

was found in super section table offset o, 

HAO Pefercnoe address that caused the page fall, 

FMA Undefined, 

ADl Zero 

AU2 The illegal super section Pointer, 

Section greater than 37 ■• tn Kb cowpntlble mode, a virtual 
reference was made to a section greater than 37, 

HAP Peference address tliat caused the page fail, 

FMA Undefined, 

Aul fl,, offset In {•:pT/iipT of super section pointer, 

AU2 Super section pointer. 

Illegal pointer - A pointer with type \, f* , h, or 7 was lournl in 
the super section table, sectlorj table, or page table, 

HAD Reference a<ldress that caused the page tail. 
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PMA lindetlned, 

Aui Source of last, word processed (see below), 

aij2 The lileyal pointer, 

7 No access pointer • A nowuccess pointer was illscovered durinq a 
pointer trace, 

PAD Peference address that caused the page tall, 

PMA Undefined, 

AUl Source o£ last worti processed (see heiowj, 

Al)2 The nowaccess pointer 

10 page not in core • A paye^address word was discovered whose 
storage inedluHi tleld (hits i2«l7) was r)onpzero, 

MAl> Meterence address that caused the paije fall, 

PMA Undefined, 

AUl Source ot last word i>roce5sed (see nelow), 

AU2 Last pointer processed, 

11 U legal age * An Illegal Cat age was detected for a page durlnq 
a Pointer trace, 

MAD Heterence address that caused the page fall, 

PMA Undefined, 

AUl Source of last wortl processed (see below), 

AD2 last pointer processed 

12 Must«be«iero bits non»iero • the microcode discovered hits that 
were declared "must be zero" to be non«8ero, 

HAP Address of word cor)talnlng the MHg bits, 

PMA Undefined, 

AUI Undefined, 

AU2 UfKietined, 

iJ Illegal indirect * An extendet) effective address calculation has 
encountered an Indirect word wit(i 11 (binary) In bits o and i. 
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PAD Address of word containing the illegal indirect, 

PMA Undefined, 

ADJ The illegal indirect word, 

AU2 undetined, 

14 Illegal HXCT * a PXCTed instruction that stores into the acs was 
executed with CAU s PAH, 

HAD Undetined, 

PMA t'ndelined, 
AUl Undetined, 
Al)2 Kndetined, 

15 Illegal physlcdl etfectlve address word - A r>nyslcrtl Ptfectivf 
address word was discover«'d wltri a t in bit o or 1, 

HAD Address of lliegal physical effective address word, 

tHA lindetined, 

AUl The illegal physical effective address word, 

ADZ Undefined, 

lb Illegal one»wordwglot>al byte pointer • A one»word»giobai byte 
Pointer was discovered with a Cqde ot 77 (octal) 

PAD Address ot the illegal onei»word*global uyte Pointer, 

FMA Undefined, 

ADl Undefined, 

AD2 The Illegal one*word»qiobal byte pointer, 

17 Illegal interrupt vector - An Illegal interrupt vector (all 
lerus) was discovered d/o page tall only), 

HAD Address of the illegal interrupt vector, 

PMA Undefined, 

AUl I'ndeflned, 

AD2 Undefined, 
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20 Illegal FUSHM function code, a tgnction code of 2 was 
discovered during the processlnq ot the pushm instruction, 

RAP StacK address, 

PHA nndetlned, 

API uieyaJ piiSflM arQUW'ent, 

A!)2 lindeUried, 

21 Illegal POfM tunctlon code, A function code of 2 was discovered 
during the t)rocesslng of the pupm instruction, 

PAD Stack address, 

I'HA ntideflned, 

ADl lUidefined, 

AU2 Undefined, 

If bit is on in the page fail word (tndlcatlncj that this page fait 
is the result ot d "iiard" error), the codes ttiat may appear in bits 
2l»35 of the page tail word are as follows: 

To fje supplied 



»,4,&,l,l Additional data words for a pointer trace 

When the (■UJOX iitlcrocode detects a page tall coruJltion during a pointer 
tracer it stores the source of the last word processed In additional 
data Word i (454) and the last pointer fetched in additional data word 
2 C45S), Additional data word 2 Is simply ttie last pointer processed 
py the microcode and may be a super section, section, or page pointer, 
Additional data word I specifies the source of the last word processed 
and nay have or»e ot the following fornst 

0#f0 It the page fail code is "illegal super section 

pointer"* this word Indicates that the pointer trace 
failed immediately after initialization. If the page 
tall code is anything else, it is really the following 
case, 

0,, offset ihe last Word examined was tetcfied from jiPT+offset, 

»l#,otfset The last word examined was fetched from UPTfoftset or 
fpT-foftsetg The user reference nit In the page tall 
word determines which. 
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Ma<.ie#»ot:fset The last word examined was {etched trom physical pmje 

"paye", offset "oftset", 



VhQlHQ 
Address lireak 



Page «-22 



8,5 Address f*reaK 

The address break teature ot the hardware Implements a superset ot the 

KtlO address break capability, it *ay {)*• used to tietrr^'lne whether a 

proiiraiB Is reading, writing, or fetching Instructions trom a range of 

locations in either user or executive address space and in either 

virtual or physical wemory. The address break feature way also he 

used to deter'trine it a port is reading or writing a ranye of locations 
in physical memory. 

The address break enable and break conditions may be set by the WHCTX 
instruction and i^ead by the hoctx instruction, A description of the 
address break related fields in the WHCTX instruction followst 



The first Word 
controls the 
affect address 



of the effective address (Fl) Qt the wpctX instruction 
action of the ii>struction, The bits In this word that 
break arei 



Irthlbit flll address break 
instruction executed, The 
to set the Irihlblt address break 



conditions tor th«» riext 
effect of settlnq this bit Is 
_ .i,..*,v, »v,M^coo wi-eak i'C flag for the next 
instruction, The intended use of this bit is to allow 
instruction sequence: 



the 



WHCTX 
XJHSTP 



ADH! 
Al)K2 



{Turn on address break 
fUlsmlss page fault 



to be Placed at the end of the monitor Page fail routine, 
If the address break conditions are such that the hardware 
is breaking on all rnonitor instruction fetches, tfiis bit 
allows the monitor to execute the XJH«TF to dismiss the 
address break page fault, U is assumed that the PC flags 
that are the argument to the XJHSTK will also contain the 
inhibit address break bit to allow the monitor to execute 
the instruction that caused the original address break 
page fault. 



the w.ords at \;:*'A 

the address brea^ 

lower bound break 



Load address break conditions from 

t|\rough f':*4. If tnts bjt is oni 

qualifiers are loaded from word !•; + ?, 

address is loaded from Kt3 and the upper bound bre^k 

address is loaded from f:f4. If this bit is off, the 

address break conditions remain uncfianged. 



CAilTtON 



Haglnti must be enabled (with WHHBfv hit 4) to lotid 
tfie address break cor»dltlons, if paging is not 
enat)ied, the result of loading the address »»reak 
conditions is ufide fined. 



I'ACaNG 
Address Break 



l'a«ie H«i2 3 



10 



Load address break enaUle trom 
address break is turned on or 
bit 10, If this bit is off, the 
enable remains unctidn'jed. 



bit 10, If 
off based 
state of 



this bit is on, 

on the state ot 

address break 



fc:nabie/disable address break. If both bit 9 and this bit 

are pn, turn on address break. If bit H is on and this 

bit is pff, turn oft address break, It bit 9 is off, the 
state of this bit is i«ingred. 



The third word o^ tiie effective address iK^2) of the *^HCTX instruction 
defines the conditions that determine when an address break win 
occur* fhc condition bits are as Collo^sj 



11 



U 



13 



H 



1& 



It tnis bit is on, enable address break for a nor^'al fetofi 
of an instruction in the protiraiti under control of PC, 

If this bit is on, enable .iddress break for any reference 
that reads except th«» noritai fetrti nf an t ns^ rur*^ f on, 
Tills includes retrieval of operands, address wor<^s in an 
effective address calculation, or an instruction to be 
executed hy an XCT, 



U this bit is on, enable 
that writes to memory. 



address break for any reference 



If rnis bit is 
made in user 
enable address 
siace (either 
of bit 16), 



on, enable address break for a reference 

virtual address space, It this bit is off, 

break for a reference made in executive 

virtual or physical depending on the state 



If this bit is on, 
made from the CPU, 



enable address break for any 
i.e., from the IHOX or tiBOX, 



reference 



It this bit is on, enable address break for any reference 
made by a Popt, l,e,, from the lOBOX, Mo address breuk 
paae fail is generated for an address break that occurs as 
the result of a port reference, instead, tne mhox 
completes the request normally (l,e,, the read or write 
succeeds) antJ notifies the port ttiat the request caused an 
address, break, Tlse port sets bit 12 in the port status 
register to indicate to trie monitor that an address break 
occurred as the result of the transfer. 



CAirriUN 



hue to the iwplertientdtion of this 
monitor cannot be assured that 
completed without errors If an 



occurs* Therefore, the 
trartsfer with port a(idress 



monitor 



feature, tfte 

the transfer 

address break 

must retry the 



tireak disabled, 



AtJUress BreaK 

H' If this bit is on, t»f)at)le a<Jclress lireak for a physical 

mpmory reference, it this bit is off, enable address 
break tor a virtual merriory reference. Note that the break 
addresses niust be physical It this bit Is gn and virtual 
if this I'it Is off, 

17 If this bit Is on, compare only the low order IH bits of 

the reference address with the address ranye when dolnQ 
address compares. This allows the prograns to cause an 
address break on an address In any section. 

There are certain conibinatlons of the above bits that produce 
unspecified results. These combinations are as follows? 

If bit 10 is on, then bit 15 must be oft because ports never 
tetcfi instructions, 

If t'lt 10 Is on, then bit !6 must be off because Iristructlon 
fetches are always done from virtual tBemory, 

It bit 13 is on, then bit 16 must be off because user references 
are .iiways done fbroudfi virtual space. 

If bit 15 Is on, t!)en bit lt> must be on »<ecause Ports always waKe 
physical references. 



The fourth and fifth words of the effective address l¥.*i and l': + 4) of 
tt»e WMCTX instruction specify the lower and uPPer bouhd break 
addresses, wrien dolny address break compares, the Moox compares the 
reference address with the upper and lower bound break addresses, 
Norwajiy, the fuij reference address is used In the compares fi,e,, 30 
bits of virtual address for virtual compares and 2h bits of physical 
address for physical compares), However, if bit 17 is on in the thlr«l 
word of the WHCTX aryuwent block, only bits IB through 35 of the 
reference address are used in the compares. If the reference address 
is greater than or equal to the lower bound break address and less 
than or equal to the upper bound break address, the address compare 
succeeds. 

The conditions under which an address break will occur In the MhUX »>ay 
be described as tojlowsi 

Ut'tS 

A js Coruiltlon bit 10 on and an instruction fetch reference, 

H t» Condltlori »>lt !! on and a read reference, 

C fat Condition bit 12 on and a write reference, 

P i« Condition bit 13 on and a user reference, or cof»dltlon bit 13 off 

«»t)d a executive reference, 

K (« Condltlori bit 14 on and a reference marie by tne CPn, 

V !5 Condition bit 15 on and a reference made t>y a port. 



Address break 



t'age B«2b 



(j |« Condition bit 16 on and a physical reference, or condition bit U, 
ott and a virtual reference, 

M i« Condition bit 17 is ofi and the reterence address is within trie 

rdnqe described by the lower and upper break addresses or 

condition bit 17 is on and bits IH through 3S or the reference 

address is witr»ln the range described by the lower and upper 
break addresses* 

Then a port address break will occur 1*: the lollowing expression is 
truej 

(A Oi* U UN C) ANU (h) ANU (H) 

and a CPV address break page t^ill will occur if the foUo*lnq 
expression is truef 

{A UH b UH C) AND (I') ANU (IJ) ANU (Gj ANU (H) 

The expressions are given separately for CPU and port references 
because that is ^he way they are impleHtented In the MHOx hardware, 

If an address break Page fault does occur, the microcode will turn off 
address break before dispatctilng to the nionltor page fagu handier, 
it is the nionitorfs responsibility tg turn address break back on 
before dismissing the page fault if the page fault was the result of 
an address break. The microcode Wli,L not turn off address break for 
any pane fault except an address break page fault, Thiis allows the 
iBonltor to trace executive instruction fetches by getting the address 
break conditions to cause a page fail tor each instruction fetched 
from executive virtual space. 
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I'HUCKSS CONTEXT VAlUAHLEii 



9,1 Introduction 

in oriier to take aUvdntage of tt>e tull 40'^(i section virtual addr<?s8 
space Implemented by the KCIO processor # the flaci»PC double word 
torwiat has been changed to allovi' £or a larger section number. In 
addltlori, the HAB and CAB lie Ids have been added. 



y,l,l f't'W Uagtl'C double word 

The fori'idt o£ the double word is as followsi 

! 1 112 2 2 2 3 

23700131 S 

J Flays { HbZ tCAlUPAU } PCS J 

^ «...••..•.•.. .................................. ..•....«•«; 

J Hsvd { PC 1 

3SSSSBZSBXSSSSXSSSBS«SaSSSBBSSS3«SBSSSSSSSSXSSS3S8BSB88Sa 

b 6 i 



Where j 
Flays 



PC flags. The action of these flags is the same as tor 
the KljtO, unless stated otherwise. The tlaqs are as 
toUows; 



1 
2 



Uverfiow, On the kIjIO in exec modei this tlag was 

used tis previous cohtext r^utilc, Hn the KCio, it la 
overt low It) both i)ii>er arul exec mo<tes. 

Carry '), 

Carry i , 



MHUCKiJii CUNTt:XT VAHIABLKti 
Introtluctlon 
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MHZ 
CAB 
PAO 

PC 



1. 



2. 



5 
6 
7 



3 Floating Overflow, 

4 First Hart none. This PC flag is used by the 
iKicroeocJe as necessary to restart a wuitiwpart 
instruction, it does not necessarily act the same 
as any previous machine and the use way change at 
any time without notice. The monitor should save 
and restore this tiay when changing contexts, The 
user should never touch it, 

user. 

User In»out/Prevlous Context user, 

unused by the KClo hardware and microcode, un 

previous machines, this was the Public Hag, The 

KClo always stores It as zero, and ignores any 
attempt to set it, 

B Address Frtllure rnhlhlt. 

y 'rap 2, 

10 Trai,) 1 , 

11 Floating Unfiertlow, 

12 No rUvide, 
Must be Zero 

Current AC tUocK Number (o»7) 

Previous Context AC lUock Number (0»7) 

Previous Context Section Number 

PC of the program 

fn kernel mode (XPCW/spm), or when stored ofi a page fail 
MUUu, ail Of the above fields will be stored as defined, 
kernel mode, XJHSTK ami XJKN win restore all fields. 



or 
In 



In user mode, PCS, PAH, and CAH win always be stored as 0, 
An XJHSTP in user node will treat tiiese fields as it does the 

user mode diuj user l/U t Ug rsow (i.e. ignore them). 



FHUCKSS CONTEXT VAHlA{iUF;S 
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y,l,2 Context changing 

Heturnlng to a previous context way be tJone with an XJRSTF or XJKN 
instfuctlof. whleh restores ttse eoritext variables stored in tnc 
prtivlously saved PC double wor^t 

Knterlnq a new context will be done as tollowsi All o£ the "previous" 
qorstext variables in the old i>c tla<i word wiu be set to their 
correspohdlny values in the "current* context. If the "current" 
context Is not user-mode, then set the "previous" context trom the new 
I'C flay Word, The toUowinq operations are detlned as entering a new 
context) 

1, Mgnltor call (MuitO), 

2, I'aye tail trap, 

3, Priority Interrupt Initiation, 

4, T/O paue tall trap, 

Kach of these operations will store a PC double»word contiTlfiirty the 
■currefit" context variables and then load a new PC doublewword to set 
new vuiues lor ttiose varlahlus not set duto'ri.itlcal ly , see the cf)apLei 
on ijpecial .System layers for ti description ot the chanyes to the KIT 
and iiPT, 

The followiny chart summarizes what variables are saved, and what r?ew 
values are set. It Includes for comparison wijat Is currently 
implemented on the KLiO processor, 

Keyi 



atore save In appropriate block (old) 
Load set trom appropriate block (new) 
tJet set "previous" to old "current" 






In process cpntext word 

Hcode sets MCS» XPCw stores Mays* MC, PCS, at^i loads 
tlays and pc 



I'HOCI'ias cnNTKXT VAHl AiibKa Payp i»«4 
Introtiuctlon 


1 1 Flags 1 FC 1 CAH 1 I'AB 1 fCS/PCU 1 


1 ! 1 ^tore 1 store i No 1 No i iitore i 


t 1 1 Load • Load I No • No 1 No 1 
1 XPCW 1 -•-•.♦----•-••-•--••----••-•-----...«-.«_.-»»...-.««»__. _-»«i 


1 1 i store 1 store i store » store I store i 


♦ ^•""•""••••"••■•"•"•"••••"•••••••■•••.••••••••••■w — - — — - — «•.• — — — — — .._———-. — «._——— — — — J. 


1 t 1 Store 1 Store I No 1 No i Store 1 

1 1 KL 1 "-•«-•-'--•--•••••»•-•-•--»■.«••---•••--•-•»«•••«••••••-,+ 


1 inter* f»»"- + ««»»»«--""«»»<»»»*..»««»«-»«i.-««»««---------«----._--- j. 


' lupt 1 ( Store 1 store 1 store I Store 1 store 1 




' • 1 Store 1 Store 1 # store 1 • Store 1 Store 1 




1 1 1 Store 1 store 1 store 1 store t store » 


** ' """"•"•""""■•"••""••••••-•••"■-"••■•••^••••••-••••.•••■•-•.••»»?.ssi4 


f* ••""•""•••"■•"•"""^•••■-••••••••••••••••-•••••••••..•••■•••.^••••.•■•••.•ip^ 

' ' 1 store ! Store 1 Mo 1 No I Store 1 




• ^aU » 1 store 1 Store 1 Store 1 Store 1 Store 1 

1 1 KC 1 •-!•---——..« — •----•-«-..- — •-.--————- — -- — —A 




< 1 1 Store 1 Store 1 No 1 No 1 No • 




• ♦ 1 Store 1 store 1 No » No 1 No • 




» 1 1 No 1 No 1 No 1 No 1 No • 


1 XJHSTK 1 ••••A »•«•••««.•**«.. •••..•••..... -.-___.., i 


1 1 1 No 1 \,Q 1 No 1 No 1 No 1 





CHAPTKH tU 
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This chapter provides a Uescrlotlori ot extehdecj athJressltHi «s HefJnfH 
by tlie PDt'wio drchttecture. This materia! really belonMs In the 
Processor Mef«?rcnce Manual, and eveyy attempt will he made to get It 
Ifteluifed In the next release o* the manual. Note that certain 
iiflylemetUdt toi's ot the lUHf.10 architecture don't alwciys corilortt' to the 
descriptions ylven in the (nemo, Tfiese are descr Iptioris ot what anuiUjU 
be Implemented, not necessarily what IS implemented, Howeven ail 
future FOl'wlO processors should conform to these descriptions, 

In order to 'fake it easier tor the reader, I've also added a lot ot 
background, definitions, and descriptions of extended addressing that 
are fpund in ottier references. This additional discussion should waKe 
the overall structure of. extended addressing more clear, 

in order to avoid swamping the reader with too much detail at any 
point* ' sofetlmes Intentionally ignore or understate certain 
important aspects of the examples that I use. These items are 
generally covered later in the memo, I also occasionally forward 
reference topics. Because of this organization, it may be best to 
iake a f|glcK first pass through the memo to pick out the fiighilghts 
and then go back and make a more detailed pass. 

This memo assumes that t^se reader has at least a basic knowit?dye of 
the PPl'*lO instruction set, the notation used to describe 
instructions, and the format of an Instruction wor(J. Headers who do 
not tiave this knowledge are referred to sections 1,4 throudti 1,0 of 
the Processor Mcterencc Manual arjd to the Macro AsseftiPier Hi-ierence 
Manual , 



l<e£«ret)Ci; materials 



10,1 Heference materials 



Tfie primary source o* information about trie Instruction set is the 
{Processor Hetcrence Manual, nmortunately, ttiere are so«ie 
Inaccuracies and sotee ofnissions in ttie sections related to extended 
adtlressifjq. The •Extended tftectlve Address Calculation" flow chart 
on page l»30 ot the PHM is the best "description" at the ettectlve 
address calculation alyorltfsros and it is attached to this wemo for the 
convenience of the reader, 




Old memus descrlhiriU the defilgri of e«tende«J rtddresslriq «rd the 
iBpledietstatlon of: extended addressing In Tijl'S»20 are also somewhat 
helpful, 

MnaiJy, the YhiQ microcode contains a leu helptul comwents about 
exception conditions In that implementation of extended addressing, 
It is in no sense "ilgitt reading", however. 
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Historical summary ot extended addressing 
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10,2 tlistgrical surowary of extended aUdresslnu 

PDl'^lO processors prior to the model H Ktio laplewented a virtual 
address space of 256K wq^ds, Ap prograns and the operatlfHi systems 
grew, it beeaffte apparent that a virtual address space that was limited 
to 25bK was insuttlclent for future expansion, Sowettwe in late ty7.J, 
an Extended Addressing Design Group was formed to evaluate proposals 
for increasing the virtual address space of the PUPbIO, Hy early 
1^75, this group had agreed upon one proposal, and this proposal was 
documented in chal'tcr 2,2 gf the KLIO H^nylneering l-unctional Spec, 



This proposal increased the silse of the virtual address space from 
2bbK words to 1 billion words by expanding the slf.e of a virtual 
address from 18 bits to 30 bits. The virtual address space Ip 
loylcaUy divided Into 4096 sections of 256K words each. The program 
may use these sections as separate logical entities or treat them as 
one large contiguous address space, instructions, however, ftiust 
explicitly transfer control between sections; they may not "fan" 
into the next section. 



The increase in the 

by an increase in 

allowed a prodraw to execute In any of 

contents ot bits b»l? ot PC were teri'teU 



size of the virtual address space was accompanied 
the slxe ot PC, from 18 to 30 bits. This increase 



the 
the 



extended sections 
I'C section". 



The 



in Ofder 
address, 

section 

allow d proyratii 



full JOwbit virtual 



to allow an instruction to specify a iu** ju^uiv vj,r«;u«i 
the rules for indexing and indirection were modified when HC 
was non-?ero, in addition, riew instructions were deflcied to 
.>..„„>».. fQ jyjjip ^^ other sections. 



To Insure compatibility with proyrams written for non»extended 
processors* section zero Is treated exactly as it is on non«extended 
processors. This means that it a proyram is executina in sectipn 
zero, nearly all instructions behave exactly as they would if the 
program were executed on a non-extended machine, Programs runniriy 
section zero cannot reference data in any other section (with 
exception) and entry into another section is possible only wjth a 
instructions (e,g., XjHSTp, xjHfiT, etc,). 



in 
one 
few 



The first processor to iitiplewenf extended addressing was the wodel i< 
KI^O, bue to hardware restrictions, this processor Implemented only 
32 Of the 4096 sections of virtual address space, Heferences to 
virtual sectiohs above the implemented range cause a page fall trap to 
the monitor. The KCIO impletflents the full 30»blt virtual address 
space. 



fciXTENflK!) AUDHfiafUNG faqe 10*4 

Detliiltlyn yt tert«s 

10, i Uetmitlon ot terms 

before we start looking at extendetl addresslngi iet's tieflne some 
termsf 

A virtual address is a jo*blt address used to reference a 
WQrd in an address space, Although the address 8pa<?e can tJ© 
considered to be one large, contiguous space, it is probably 
easier to consider it to be broKen into sections of 25tiK 
words each. Bits 6*17 of the virtual address then specify 
the section number and bits ia«35 specify the word within the 
section, A virtual address iooKS llkef 

b ^ 17 18 35 

1^— - — — — -«... -_-,| 

I Section nuBiber t Word within section I 
(^ - - ,1 

Virtual address tomat 

PC has the B«me format «is a virtual «ddr«»ss, 

An address word is a wyrd contdininy l, X, and y tiejdjs (see 
the PHM tor definitions for these fields) in either iriw or 
KKIW fsce below ) toric^it. An effective address calculation 
taKes such a word as input, Thus, Instructions, indirect 
words, and tiyte pointers are all examples of address words, 

A lo«?al address is an iU»blt ln*section address that, when 
combined with a default section nu»beri specifies a full 
3o»bit address, The section number is suppu«d by something 
other than the address word or index register, 

A ulobal address is a 30»blt address that supplies its own 
section nuii'per, Tfierefore, no default section need be 
applied, 

A local index is an lH»bit displacewent or address obtained 
from an index register used in an effective address 
calculation In section Eero# or from an index register used 
In a non««ero section that has bft Oat or bits b-!7 equaj 
zero. In a non»ftero section, an index register contalnini a 
local index tias one of the following torfiiatsj 

1 17 IB 3f) 

'— — " .-..— *.-. ..-„| 

Ul lg»»ored i Local acldress (or oMset)! 
» .—...- ( 

Local Index format (bit o « l) 

15 17 18 3'^ 

t - -—I 

tOiIqnoiPdi coeo I Local address (or offset) i 
• "— — — .-I 

Local Index tormut (bits (>*17 « O) 



Ueflnltluo 01 terms 



A global index is a iOwhlt dlsplaceraent or address obtained 
try!" dr. index reylster used in an ettectlve address 
calculation in a non»zt'ro section, that has bit 0*0 and bits 
6»17 hon-aerot An index register contalnlny a qiobai Index 
looks liKej 

15 6 35 

iotlgnoredl Global address Mith c>ot7 non*Kero I 

Global Index format 



An instruction torwat indirect word (inw) is any indirect 
Word in section zero, or an indirect word in a nonvxero 
section that has bit 0*1 and bit l«0 {instructions being 
executed ate aiways interpreted in li IW format), lu trds 
format, hit «J Is the Indirect bit, bits 14-17 are tbe Index 
reylster address, and bits iBulb are the local ffiewory 
address, Af! IFIW in a non-fZero section looks llKei 

12 12 U 14 17 IB ib 

I — ....—„-....-. J..« I 

• HOI ignored III X i y i 

IFIW format 



An extended format indirect word (KKIW) is any indirect word 
in a non«*ero section that has bit o»0. In this format, hit 
1 is the indirect biti t>its 2»5 are the index register 
address, and bits 6»J5 are the global fnemory address, An 
KKltN looks Ukei 

12 5 6 3?> 

!— — — --^,1 

lOUl X I Y t 

I 4 I 

KKIW tormat 



DtJtlnltion of terms 



Paqe iOmb 



An Illegal indirect word is 



section 
Intiirect 

sectlot!, 

pertort!! 
trapping 
cympatlbiUty 
inUlrect word 



thdt has both bits 
word is reserved 
encounters this 
it wiU generate 
any user service 
to the user, 
problems 
looks JiKe: 



any indirect word in a non«5sero 
and 1 set to a j, This type ot 
«or use by tuture hardware, if an 
type ot indirect word in a non^xero 
a page fail. The monitor cannot 
as a result ot this trap# includinq 
since this would cause possible 
with future machines. An llleqal 



1 2 
Iff.—.. 

Hilt 



t 



Meserved 
Illegal indirect word lorwat 



3B 

I 

i»9 I 



A onewword Iqcal byte pointer is any t>yte pointer in section 
zero# or d byte pointer In a non^zero section whose p field 
is less tiian or eguai to 1*. «n«j th^t has bit I2«n, if, this 
type 01 t»yte pointer, bits 13-35 have the aame forR'at as ai) 
TKlw, and hits o»n specify the size and position of the 
byte, A one. word loca^ byte pointer looks liKei 



5 6 



1112 14 



17 18 



3b 



I ti lOlil X I Y 

One-word locai byte pointer forwat 



I 



I 

'm I 



A ont«word global byte pointer is any oyte pointer in a 
non.^ero section whose p field is greater than 3b, In this 
type of byte pointer, bits 0»t> are an encoded representation 
of the size and position of the byte and bits 6.3b supply a 
fun 30«bit address at the word containing the byte, A 
one.word global byte pointer looks liKei 







I 



5 6 



35 



If, a enc I iu.tiit address 

C)ne*word global byte pointer forrnat 



Definition vi terms 



Page \()m1 



A two»wprd giobai byte pointer is any byte pointer in a 
non-tero section wligse p field Is less than or equai to it> 
and Which has bit J2«l, As its r^ame implies, this type of 
byte pointer (Consists of, two worus where bits 0«»ll of tfie 
first word ylve the $i2e and position of the byte and bit 12 
wust be a I, The second word is either an iriW or an tFiw 
and, whert f- Awcalced, supplies the address of ttie word 
containing the byte, A twoaword giobai byte pointer looKs 
liKei 







5 6 11 12 



17 IB 



V f S 11 I Reserved I 



Available to user 



Tfiw or fciFiw 



TwowiKord global byte pointer format 



Jh 



A local stack pointer Is nny stark polnt-pr In spctlori r.ero, 
or a stack pointer In a non-zero section that has hit Osl or 
l)it5 (>*17 equal zero before incrementing or decreirtentlt>« 
(exactly like a local index). Increment Im or decrement 1 no 
such a stack poititer will operate ori both halves of the 
pointitr independently* suppressing carries out of bit lU, 

A global gtacK pointer is a stack pointer in a non.zero 
section that has bit OsO and bits o,17 iion.zero before 
incrementing (exactly like a global index). Incrementing or 
decretitentlng such a stack pointer will treat the entire word 
as a iO»bit quantity. 
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Kttectivtt Address Calculations 
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10,4 t;ftectlve Address Calculations 

No discussion ot extended addressing is cowpiete without talking about 
tJAwcalcfs, Af. etfective addrifss calculatiori is pertorwed oti every 
instruction hnj^ore it is executed, m addition, soRie instructions 
pertorm additional KA^calc's during t^ie processing ot the instruction 
ie»d, byte ifistructlon fe;A»calc ot the uyte pointer). 



10,4,1 Description ot tr»e EA»calc algorithm 

The basic operation of an EA»calc is to process a so»cailed address 

word r-Y lidding the y fielci ot the word to the contents of the optlonaj 
index reijister to compute a modified address. It the indirect bit is 
set in the address word, another word is tetctied fro« the meinorv 
location addressed by the computed address and tiie entire process 
repeats until a word is found with trie indirect bit not set, Sound 
simpHi Well, let's looK at ttie operation in a bit more detail. 



The address 
Instruction 
adUltlof*, an 
Note thut in 
are local by 
aiyorlthtit is 



word can be of two difterent formats, IKIW or KHIW (an 
Is treated as <in ll'iw vhcu it Is f^A-calc'ed) , In 
index can be of two different formats, local or tiJobol, 
section zero, dll address words are If iws and all indices 
delinltion, The complexity involved In tt^e f- Alcaic 
trte result of these multiple formats, 



aince the Indirect lit slft!{).!y causes another address word to be 
tetcried and the f- Alcaic process to be repeated, we can fully 
characterise an fc'A^calc by lookln<j at the qowbinations ot IFIW, KKIW, 
and indices 
CoiBbiridtions 



in 
one 



local and 
at a time. 



ylobal format, L«et*s looK at these 



10,4,1,1 No indexing 

If no index recjister is spccitled In the address 
strictly a function of the y field in the addres 
the result is a local address, For example, both 



word, the R'Awcalc is 
s word, Kor an II' I w. 



1 ,,100/ MtJVf-: 1,200 



«ful 



1 ,,100/ MOVt:.: 1 ,ill>Q 
1 , ,150/ 400000, ,200 

compute ij local effective address o* i?nn, i fi the first case, the only 
address word is the instruction itself, wriich is treated as an 
ifnpHcit IHI**, Jn the second case, there are two address words, the 
instruction and the indirect word, and the Indirect word Is in the 
IKIW format. 



t;XTfcN!>KI) AUUHKSSING Paye 10ii9 

Effective ftiJUress Calculat Aons 

Kor an FI-iWi the result Is a fuU JOwblt qlobai address, i or examine, 

1 ,,100/ Mnvt: i,pM,,2O0l 

eomputes a qlobal effective address of J,, 200 because the Indirect 
word hds a global toimat, 



I0,4.i,2 IKIW with local index 

It tfte address word is an Ifiw and the index is local » the result Is a 
local address. The tH»bit address is cosiputed by addlnq the if field 

to the rlqtit half qf the contents of the Index register. For exaitiple: 

1,,100/ MUVK t, t»1,,10) 
l,,10l/ MQVfi; 2#Pt4OOO0l 1^2001 

The indirect word has dn IFIW tormat* so bits i4*17 sPeclfy th«? Index 
reQliter address. since the contents of the Index retilster rtre 
negative, it Is a local Index and the KA«calc Is performetj hy addinn 
the Y field (200) to the rlqht half of the Index rcdlster (10) to 
produce « local effective address of 2to, 



10,4,1,3 IKIW with global index 



If the address word is an IKIW and the Index Is global, the result is 
a iO*blt global address. The address Is computed by adding bits t><»3B 
of the contents of the Index register to the value of the Y field, 
that fias been slgn^extended front bit la into ttits b»17, for exafaplei 

1,,100// MnVF 1, (2,, 1(3] 
1,,lOl/ MUVK 2,-2(t) 

The seoofid instruction word has an Iropliclt li'iw forwat, so bits \^mii 
Specify the index register address, »lnce the left half of the Index 
register Is positive non*zero, It Is a global index and the tiAwcalc Is 
coisputed by adding the \ field, after sltin«extendl?ig It fro» bit IH 
into bits t>*n (7777,, «2), to bits bmib of the contents of the Index 
register (2»#l0)i Producing a global effective address of 2,,b, 

Noto that the sign extension allows t to be used as a positive or 
negative constant offset to the global address In an index register. 
This offset is United to ♦/• 128K, 



KXTKNiiKO At)[)«f:ssrNG Paqe to»lo 

tiffcctive Address Calculations 

10,4,1,4 fcHW with yjobal index 

If the address word Is an KFIW, the Index is always assumed to have 
the global tortRat and the result is a JO*bit ylQt*ai address. The 
address is computed by adding bits b*J5J of the contents of the index 
register to bits 6*35 ot the Y tieid, Kor exampiei 

!,,100/ MOVK l,f2,,!0l 
1,,10i/ MOVK 2,t»t0l0002,,200} 

Th^ indirect word has an EFIW format, so bits 2.5 specify the index 
reqister address. The index is always global, sQ the frAscalc Is 
computed by addinq the Y field (2,,200j to bits 6-35 ot the contents 

of the Index reqlstcr C2,,t0) to produce a (Uot>aj effective address ot 



10,4,1,5 Hefrrences to sectiori zero 

Note triat ttie only way to reference section ssero fro» a non»zero 
section is via an f'Flw format indirect word with bits (.•n equal aero, 
MidexlfKJ alone cannot be used to reference section zero, because an 
index wj,t|, bits b-n equal sero is treated as a locai address to tne 
section tron> which tUe last address word was fetched. 



lt>t4,i,b SumiTtary of FAwcalc rules 

The precediny sections can be summarized by the table that follows, 
This table qives the computation done for all combinations of address 
words and index registers torwats plus an indication as to whether the 
result Is local or global. 

Address 
Vtovti Type 

SBSCVaciECBSSBSCSBSSSSSSSSSSSSSSSSSBBBSSSSaKCSBarSSSa SB ■««£««« 

I I YflBUb} I I Yteitib] I I 

None II II II 

I I Local I I Global I I 

SBSS4iS«««SSBSBS«BBBBBB«SBBBCS-SBBB8BBS«SBSeBSBeSBBBESSSSSSSS 

iM'iex II Yf l«i3b|*CXp)I18»3'jJ M Not Defined i| 

Heq Local II II (Actually the case II 

iVPe I I bocaJ II helow) t I 

SSSSBSBBSSBZSBXBSSSSSBBSBSBSSSSSBBSSSBBBBSBSSBBBSSSSSZSSeSS 

I! Vf 18Jt7777,,Yf 1H: JbU I I Y 16 j ib I ♦ ( XM ) lb : J»j J II 

(Hobal I) <XH)t6|35.1 II II 

I I Global I I (ilobal I I 

>eSBBSB3SBSSBSSSS8SBS«SBB8BBBBBB8SSBSBSSBSBBSSSSSBB8SSS«SSSS 
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10,4.2 Hesults ot an tA>caJ.c 

wht?n the microcode performs an tA»calc# it is slwply follqwlnq the 
rules described aUpve and shown tJraphieauy in the EA.cajc tipw chart 
from the FHM, The result of ttils f:A*caic is a 3o»bit address and a 
l»bit flag that indicates the address is local or global. These two 
pieces ot intor'fiation must be considered together whenever the results 
Of the FA»c«lc are usedi it is seldom, if ever, correct to consider 
tf»e address without also considering the local/global bit, 

tvery tJA.calc carries a default section along during the calculation 
ot the ettective address. The initial default section for an KA»calr 
Of an instruction is pC section, More generally, the default section 
is InltluJiy that troin wnicJi the first address word was fetched. This 
default section As changed from the initial value if the EA.qalc 
follows a global address into another section, in fact, the default 
section is always the section from whicr) the last address word was 
fetched. 

If a loCd! ad<lpess Is calculateeJ iislrni tf'e rules <^lvet^ al>ovf, fhe 
default section is applied to complete the JO»bit address, If a 
global address Is calculated, tf)e default section Is not used, 

ine last Iteration ot the bA-caic (tlie computation done on the last 
address wprd that doesn't have tne Indirect hit set) getermtnes 
whether or not the result ot the KA-calc Is local or global, If the 
result of the last Iteration is a local address, the result of the 
KA-catc is local, niniUarlyi H the r^'suU of^ the last iteration is 
global, so Is the entire FAu-calc, The transitions of the local/global 
flag are indicated on the phm flow chart by notations such as "K 
Global", 

The significant thing to remember la that a local EAucalc still 
results In a 30»blt address, even though 12 bits (the sectioi> number) 
were fiot explicitly supplied to the KAi-calc routines as part of an 
address word or an index register, 

An effective address calculation alwayp conputei 31 biti of 
inforniitioni a 30«bit tddmss, and a l*bit io«ai^giobal 
flaQ« 



10,4,3 aitisple tA<»calc examples 

in the examples above, we Ignored the tact that KA-calc's always 
produce a JO»blt address wfien we said that the result was a local 
address n, Irt the foilowinci exampU's, we empfiaslze triat a full Jo-hlt 
address is produced. Consider the following Instruction: 

0,,200/ M(!Vt 1,100 
The KAsculc for ttsls Instructlod results In a local h'h, iherefoie, 



EXTKNOtr* Al)f)Ht:aSING 

Kttective Address Caiculatlons 



Vatie l()»12 



the t:A»calc computes the 30«t>lt address as o,,loo and the l»ihlt 
jocaj/cjiobal flag as local. Since the KA is local, we Know ttiat the 
section numtter was defaulted from something, In this case, the PC 
section, we say that the eftective address Is o,,loo LOCAl. (this 
notation is used trirou<Jhout the rest ot this discussion to specify all 
il bits 01 information). 



Uetfs 



consider a sliyntly wore complex exampiei 

1 ,,200/ MOVfc: i,$iQQ 

1,, 300/400000, #100 

AS in the previous example, the effective address calculatlois computes 
a locaJ address of too, since the address word was fetched from 
section 1, the result of the f:A»calc Is i,,ioo I^OCAL, 

Let*s look at a Mlohai 0:A»calC| 

1 , ,100/ MUVK I ,»f2, ,200 J 

Jn trils case, the effective address calculation produces a global 
address of 2,, 200 GfOBAl. artd no detault section need tte applied, 



Us« pi ttie local/qlobai tlau 



10,5 i!s«; ot the local/global tlaq 



There are two uses for the local/qlobal flap, f*'irst, it Is used to 
deterwintf it the addpess is actuaiiy ar, AC, If the address is loqal, 
anJ bits la-JS are In the ran<i«' to 17, Inclusive, the address 
references an AC, independent of hits tifl7. This weans that a program 
can reference trie ACs while runniny in any section, as ipnq as tije 
reference is iocal, 

second, the iocal/ylobal flag determines ho* to increment or decrement 
the address, if the address Is Jocal, incrementiny or decrementlny It 
suppresses carries from bit 17 to bit IB and vice versa. That is, the 
address always wraps around in the current section if the rlynt half 
Is incremented i-sst 2TltJ«-i or decrcmchted past 0, A fjlobal address is 
fiandied as a full iO»bit quantity and overflow or underflow ot the 
riyht halt can affect the left halt section nuniber. 



10, 5, t AC references 

Let*s look at several examples that make use of the local/qlobal flag, 
Hirst* let's compare what hap(»ens to AC references for local arid 
global effective addresses. 



2, ,100/ MOVK l,<*t400000 




2, ,100/ HDVf; l,*»t2,,5J 

results in an i.h of 2,,b nLOHAL, Since the KA Is global, this Is a 
inewory reference and not an AC reference, 

o KA*calfrf8 which yield local addresseSf where bits IBwas ot E* 
art in the range 0*S7, inclusive, always r«f«r to tha AC* 
independent ot the section number. 

Finally, there is the concept of "global AC address* , This concept 
allows a proyra'n runniny in any rion^zero section to make a global 
reference to the ACs by computing a global address in the first 16 
Idecittiall locations of section 1, Consider the following examples 



Use ol tlif locdl/ylobal fla<J 



2,, 1 00/ move: l,t»n,,51 

The KA*Ciilc ylelcJs 1,,5 GLQhAL and becaqse ol the "qlobal AC address" 
ruifi the r<^t*rerice is to AC 5 Instead ot memory location Im^i 

q An {i;a«c«i1c whleh yields a gXotial addreis to iuoa^ion* o»i7, 
incluilve, ot iectlon li re^er* to the ACi and not to memoriri 
Such an addreii is eaUed a glolaai AC address. 



10,5,2 Iticrementlng PA 

Another use tor the iocal/ylobal tlaq coniputed as the result of an 
i:A»caIc Is to cleterf«ine how to increment the etlectlve address, ht't's 
Jook at two exan'Ples uslnq DMDVf' , one coinputlnq a local KA and one 
coiBputlny d ylobdl FA, 

2, ,100/ DMUVfc. 1 ,it4OOOO0,, 7777771 

The f:A«calc tor this Instruction results in an effective ad«}res6 of 
2,, 777777 LUCAli, The UMUVl': Instruction fetches two contlquous words 
froHi I' and f'*l| hut what is Ktl it) this case? Since the KA.caic 
resulted in a local address, Incrementiny K is done sectlonwlocal, 
resulting in 2,,0 1.0CAL tor K»l, Uut this is a local reference to the 
ACS, so the two references for f: and Pft ^o to 2,, 777777 (memory) and 
2,#0 (AC), Note that the state of the local/qlobal flag is naintained 
during ttie incrementing of f:A, 

Incrementing or decrementing a local address Is always done 
relative to the original seotloni !•#«» the addresses "wrep 
around* in section, 

Incrementing a local address whose in«section part is 777777 
causes the address to wrap around into the ACS, 

Let^s look at the corresponding giot)ai caset 

2,, 100/ UMUVfc. 1,1* I 2,, 777777 I 

In this case, the fc.A»calc yields 2,, 777777 GLOHA!,, because this is a 
global address, Incrementing f- to get the second word results in a 
reference to i,,0 GhnhAl, since this isn't a local address, the 
reit;rtiict' is I'uiUe to iiiet'igry iQCdtlori J,,t) atid not to AC U, 

o Incrementing or decrementing a global address affects the 
entire address; i«e,f section boundaries are ignored, 

The process of incrementing or deorenenting an address, 
Whether the address is local or global, preserves the state 
of the local/global flag. 
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Muitl*sectlori fcAn-calc's 

10,6 Multl»sectton fcA^calc's 

iio tar we have considered only FA»calc*s that remain In one section, 
it the proyrai^' is runnlny In a non»zero sectioni a yioDal guantlty 
encountered duriny the F. Alcaic (frow either an ln<!ex register or 
Indirect word) can cause the KA»calc to "change secXions", An example 
will nmke this more cleari 

3,, 100/ MOVE l,i«t200002,,lOOJ 
2, ,100/ 3, ,200 

The KA-iCalc for t('l» instruction computes a global address of 2,,iuo 
troni the indirect wor<l in the literal, Since the Ir^dlrect bit is set 
In this wytd (hit I is the indirect hit in an f:nW), tf»e KA*calc 
routine fetches the word at 2,, 100 and continues the E:A«icalc, The 
tlnaj result of the f.Awcalc yields 3,, 200 (JhuHAI,, Ttjis isn^t a very 
interesting example, because it doesn't demonstrate the slqnltlcance 
Of the Section change, so let's look at a slightly difierent exatnpiej 

2, ,100/ 400000, ,200 

In this exatt»pie, the first part o* the KA-ca1c remains the same and 
thu rputine tetches the word at 2#,100, In this case, however, the 
result ot the tAwcalc yields a local address Instead ot a global one, 
Hut w(>at section is the address local to? The rule says that a local 
address is always local to the section trom which ttie address word was 
fetciied. Since the EAtcalc ctianyed from section 3 to section 2 when 
the last address word was fetched, the KA.calc is relative to section 
2 and the f-JAwcalc yields 2,, 200 LOCAjv, 

Th0 d«fiuU iflcrtlon lor a IqqaI addrnti li alwayi that £ron< 
which the addrtis word wai fetched. 

Now that we've seen what happens to tlAwcalc's that cross section 
houndaries, let's see what happens If the KAwcalc enters section zerot 

3,, 077/ wnvtl 3,1 

3, ,100/ MOVI-' 1 ,Wf200000, ,1001 

0,,100/ 3, ,200 

AS with the example above, the KA^calc tor this instruction fetches 
the Word at On 100 and continues, Hut since the KA«c«ic mitered 
section «ero, this word is treated as an iiiw instead of an KKiw, 
Thert'tore, the 3 in ti.e left half ot 0,,ton is inter (.reted tis t h«' 
Index register field instead of a global section nu»ber, aince AC 3 
contains a 1, the t:A*calc yields 0,,20i, in addltior^, the last 
dtidress word was fetched from section zero, so the result Is a local 
address, 
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Muitl«section fc;A»c«Jlc*8 

hn etfeqtiv« addr«s8 calculation which "falii" into section 
zero always reiults In an atfectlve addrtas that is local (to 
•action »ero}, FurthartRore, tho eftactlva addreis 
calculation can never "get out" ot aection «ero once it 
entaru it because all addresses in section «aro are treated 
as local, Further operations ouey section zero rules. 



KXTKNOKU AUUHFSSING 
apttcial case instructions 



I age to- 17 



JO, 7 special case instructions 

Uther thafi (nodltications to the KA.caic algorithms when tt<e yc Is In a 
non-tero section, most Instructions are unattectecl uy the addition of 
exter>ded addressing. However, tJierc are a few classes of instructions 
that liBhdve dlfterentiy on an extended machine tt^om the way they would 
on a non»extended machine. This section describes the beriavlor ot 
eacii class Qf Instruction that has this characteristic, 

KxaiRples in this section sometimes use the POINT pseudowop to describe 
a byte pointer, for those readers who do not Know what this pseudo»op 
generates, a description can be tound in the Macro wanual. 



l'>,7.1 byte Instructions 

Ttie ettectlve address calculation tor a byte Instruction addresses the 
byte pointer word(s), Tfie Instruction trien does another £:A»calc on 
the byte pointer atter deterwlnlng which ono of the three posslbl** 
byte pointer foriaats was supplied, 



U>,7,j,t Ljyte pointer inttrpretatipn 

The alyorltticd for determining the type ol the byte pointer Is as 
foUowss 



4— .•.•••.•••.^.4 

♦ <•— ■ I Section OT I 

Yes f "•-••--••••-•.•H.+ 
I No 
I 
V 

IP field > 36? I »— -> une-»word global 

>---.«--««. -.-••4 Yes 

I No 

I 

V 

I bit 12«1? I ----!> Twowword global 

^-...•.-.-..-.-•^ Yes 

I No 
I 

V V 

♦ -.....-•--■. -.4. ..,,«.. .,,.,> (ir>c.'-wprd local 

hyte {tolfiter decode algorlthfn 

The •Section 0?" test In the flow chart Is based on wtiere the byte 
pointer (more precisely, the first wor<l of the byte pointer it It Is h 
two»word qiut^aU *<iB fetched fron. and not on yC section, TIUS is un 



apecittl case Instructions 

important distinction if the byte it\struction and the t»yte pointer are 
not in ttie same section, 

rgf byte inptructionSf the teit for tWfs possibility of global 
byte pointer* i» «*one based on the section tram which the 
byto pointer was fetched, That Isr it the seotion from which 
the byte pointer was fetched is non»*ero, the byte pointer 
way be global. 



10,7,1,2 Uyte i>olnter KA^calc 

The default section for the byte pointer KA-calc is initially that 
trow whlct) the byte pointer was tetched, Unce ayain, this way be 
different fro"' I'C section if. the instruction and byte pointer are in 
different sections. If we realise that the byte pointer is really an 
address wort!, this Is an extension of the rule ttiat says local 
addresses are local to the section trow which the address word was 
fetched, Kor examplet 

J,, 100/ Lf)H J,«*f2,,100J 
2,, 100/ POINT b,200rO 

In this example, the byte Instruction is fetched from section 3, The 
i;A«calc for trie instruction follows an V.Yl^ into section 2 and the 
byte pointer is fetched. The byte pointer Is In one-word locni 
tor»at» so the f;A»calc of the byte pointer results In a local address, 
but is the address local to section 3 (section containiny the byte 
instruction) or 2 (section containing the byte pointer)? The rule 
says that byte pointer EAwcalc's start oft local to the section frora 
which the byte pointer was fetched, so the KA»calc is local to section 
2, The result of the EA»calc is therefore 2, ,200 bOCAl<, 

Note that. While the initial default section may be that containing 
trie byte pointer, the default section may change if the KAsiCalc 
eticourtters a qiobal quantity, '•or examplei 

J, ,100/ LPB 1,»[2,,100) 

2,, 100/ POJNl 6, t* I 200004,, 1 00 1,0 

4, ,100/ 400000, ,200 

As in the previous exawrUe, the byte pointer is fetched troai section 
2, The byte poiraer r^as the indirect bit set, so the byte fiotnter 
KA«calc follows the EFIW In the literal (which aJso has the Indirect 
bit set) into section 4, where the final address word is fetched trow 
location 1,,100, This final address word is an IMN, so trie result ot 
ttie KAwcalc Is a local address, f'-vefi tfiouuh the t)yte pointer f'A.calc 
started in section 2, the result ot the ivAB-calc is local to section 4, 
because that's where the last address word was fetcfied from, The byte 
pointer tiA-calc results In an effective address of 4,, 200 LOCAb, 
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tUf .... .,, _,.. -..- 

address calcuUtion was fetctied, 



10,7,2 KXTtNi) instructions 

LlKe tfitf byte Instructions, certain rxTEHn instructions rertorff- 
another FA*calc for the byte pointer (Muvsxx, Cmp^xx, CVTHHx, CVTt'Hx, 
and KIUT), The AC ticXtl ot the fciXTKNi) Instruction addresses a t>lock 
01 AGs, tfiat contain the byte pointers, in addition, sume tXTtlND 
Iristructlons pertori" an KA»calc on the extended opcode word, which Is 
interpreted in IFlV^i format, Tfie extende<! opcode *ord Is addrosst'd hy 
tr<e effective address of the KXTKNh Instruction, 



10,7.2,1 uyte pointer interpretation 

The alqorlthffl for deteriTlning the t.yte pointer format is the same as 

ttiat described for byte instructions with one exception, f-or EXTFNh 

instructions, the "Section 0?» test in the flow chart is based on PC 
section, 

Kor KXTEND instpuctlonsi the test «or th« possibility of 
(global byte pointars Is done baiied on PC section, Th#t Iff 
it PC section is non»iero# the byte pointers nay be giobaj, 



10,7,2,2 hyte pointer E:A*caic 

The default section for the byte pointer KA^caJc is Initially i'C 
section even it other parts of the KXTENh instruction are In other 
sections, For example} 



ap^clal case Instructions 



?,,100/ MOVF'l i,'j jSource lenqtti 

3,, 101/ MUVK 2, {POINT 7,2001 ifiource t)yle Pointer 

3,, 102/ MtJVEl 4,5 fUestlnatlon leimtU 

3,, 103/ W"VF: 5,ri'0INT 7|J00J jUestlnation byte Pointtjr 

3,, 104/ SKT2U 3, ft rCiear 2nd word of BPs 

3,, 105/ fcXTtND 1,1^ 12,, 100 I 

2, ,100/ MOVSLJ fKxtended opcode Is MUVSJ^J 

2, ,101/ lVi\X character is <> 

Iti this example, tt)e KXTKnu Instruction is in section 3 and the 
KA«calc of the Instruction follows ai> EP'lw into section 2, The 
K'A*calC*5 fo'i the onewword local byte pointers In ACg 2 druJ 5 ycherate 
Jo«?ai addresses of 200 and 300 respectively. But are tr»ey local to 
section 3 (t'C section) or to section 2 (section containing trtp 
extended opcode)? Because the byte pointers are fetched troft the ACs, 
Which are inipjlcltly m PC section, the KA»calc is relative to PC 
section, Unce again, this Is u cot>ceptual extcfislon to ttie rule that 
local addresses dre local to the section from which the wddress wnrH 
(in ttil» case, the byte pointer) was fetched. 

As with byte Instructions, the default section of the tftfcalc may 
ctianye if ttse tA-calc encounters a gioUai quantity. An example of 
this for the f-XJfcNU instruction would he analogous to tfiat tor byte 
Inst ruct 1 (ins ntvAn ithtwi* 



Lnis tor the fxitNU irtstri 
Instructions qiven above. 



Kor rxTEND Instructions, the initial default section for the 
byte pointer EA»caK Is PC septlon, 

Une mterestlny aspect of this rule Is demonstrated by the foUowiny 
example; 

3,, 100/ HDVFI l,ij yaource length 

3,, 101/ HOVF 2,!PfilfJT 7,2001 »Source byte pointer 

3,, 102/ HUVhl 4,b jhestlnatlon length 

3,, 103/ MOVE 5,tl'niNT 7,3001 i Destination byte pointer 

3#,104/ SFTEH i,6 jClear 2nd word of BPs 

3,, 105/ KXTFND I,*«t0,,t00) 



iipeciai ctste instructions 



10,7.2,3 Kxterided opcode EAwcalc 



i.i joo/ 


Hovn 1,'i 


4, ,101/ 


MOVE 2,lvoxnr 7,200] 


J, ,102/ 


my VI 4,'j 


3, ,103/ 


MOVE 5, rfOINT 7,3001 


3, ,104/ 


SKTZli 3,fe 


3, ,105/ 


rXTKNf) 1,*»C?,,100J 


2, ,100/ 


HOVST 200 


2, ,101/ 






So»(tj KXTfeiNu Instructions also pertorm an EA»calc on the extended 
opcode wor^t In this case, the detauit section tor the tA.caic is 
initially the section from which the extended opcode word Mas fetched, 
Kor eiaBtplei 

jaource lenyth 
jSouree byte pointer 
^Destination length 
lUestlnatlon byte pointer 
iClear 2nd word ot Bps 

tE^xtended opcode is MOVi>T 
fKlll character is 

AS in the last example, the EXTf-Np instruction FAwcalc follows an fcFlw 
into section 2 ty tetcn the extended opcode word trom location 2,, loo, 
in this example, trie extended onctule turns ouf to h^ 9 wnvfiT wnirh 
addresses a translation table with the result ot the EA»ca1c of the 
word. This KA»calc results in a local address which is local to the 
section tro» which the address word was fetched, Therefore, the table 
is read fro"' locations starting at 2, ,200 LOCAL, 

Thi initial default iectlon for the i:A»ceie of the extended 
ot»codf MQrd under an EXTKNO inptruction ii that from which 
the extended opcode word was fetched, 



10,7,2,4 bOlT pattern and mark addresses 

In addition to hyte Pointer type determination, the EDIT instruction 
under KXT^nd interprets the pattern strina and mark addresses 
differently based on PC section. If pc section is zero, both 
addresses are limited to iBp-hlt addresses in section zero and the 
resujt 0* setting bits f)»l7 non-zero is undefined, Conversely, it PC 
section is non-iero, both addresses are treated as full 30«.blt qiohal 
addresses and no default sections are applied, An example of this Is 
too complex to be given here and will he left as an exercise to the 
reader. 



to, 7, 3 JSM and JSH 

J(i a non^extenuerj tnarrano, tncst- two instructions store the flans mn\ 
«'> 1« bit ('C hctore Jumpiny to the effective address, Ti^s is also 
true if the instruct loFis are cxccntrci in section zero of an extf-rtned 
machine. Because this forff'at Is insufficient to store a tuM 3n-hU 
address, trie ofieratlori ot trie Instructions is ri'odttied wrien ttie r'C" Is 
in a non««era section, ttusterfd of storlnq the flags an-J fC, these 



Spticial case Instructions 



I'd ye l()fp22 



Instructions store the luu iowiiit CC (actually f'C + i)» omlttirig the 
Hans, Kor exafiipiej 

2,, 100/ J^^^ t ,200 

Stores 2|,101 in AC 1 Uftore junping to location 2,,2O0, SliullarJy, 

2,, I 00/ JSH 200 

stores 2,,J01 in 2,, 200 betore jumplny to location 2»,2oi, Note that 
tor JSH, the fC is stored in the word addressed by the effective 
address even if that address is in another section, efM,, 

2, ,100/ JSP Pt3,,2QC] 

Itt this case, the KAwcalc tor the jaK results in an effective address 
of 3#»20u iilUlihh, Theretore, 2, ,101 (PCfi) is stored in j,,2n() (fcA) 
before "Juntplng to 3, ,201 (EA*1), 

An interesting aspect of this Is d^'Hionstraied by the foiiowtnu 
eXdMplei 

?., ,100/ JSH t,^(0,,100l 

because trie yv. Is Ir. a nyn»zero section, the Instruction stores 2,,toi 
in AC I and then jumps to location o,,loo, Hut an attempt to return 
to the caller in section 2 via the usual jMaT (l) instruction would 
fail, because the FA^caJc of the return instruction, done in section 
zero, would fail to produce a 30»bit global address, As a result, it 
is difficult to write a subroutine in section lero that can be called 
via JUH or JSH frof ah arbitrary section, 

A final exa^fple illustrates the difference between a local and global 
tA for JSP I 

2,, 200/ JSM 777777 

The |-;A«ca1c for this case results in a value of 2,, 777777 LOCAL, 
Therefore, 2, ,201 (PC4l) is stored in 2, ,777777 (f;A) and the 
destination of the jump is 2,,0 {F':a + 1 local). This is consistent with 
tfie rule that local addresses always wra() around In section when 
incremented. 

The global analogy is as followst 



2, ,200/ JSI' *i{2, ,777777 



2,, 777777 GLOBAL SO the 



Jh this case, the result ol the KAwcalc is _,, „„ 

Instruction stores 2,,201 (HC+i) into location 2, ,777777 (FA) as In 
th« last example. The difference is in tfie destination of the lump, 
iH'Cause the effective address is global, Incrementing it produces i,,o 
GLUHAL (fc,A*l global) as the destination of the lump. See the section 
on instruction fetches below for additional information on these two 
cases. 



ap«scial case Instructions 

If vc 19 in A non«stro itctlon, the JSP and jsk instructions 
store a fun 30*bU PC in the appropriate place instead of 
storing fU99 and PC, Thia is true even it the deatinatlon 
at the Juap is in saetlon sero, 



10,7,4 Stack instructions 

Jn a non»extended Biachlne (and an extended machine In section aero), 
t»t« stack pointer typically contains a neqattve control count in the 
left halt and an I8i»bit address in the riqht half. Such a stack 
pointer Is called a local stack poiiiter. Because this tontiat is 
iniufficient to hoid a full 30*hlt stack address, an additional £or»at 
tor stack pointers is allowable when the PC is m a non-aero section, 
in tills tor!"at (called a global stack pointer)* the stack pointer is 
positive, bits 6»J7 are non^zero, and bits 6*»i5 of thP word are 
iriternreted as the global address ot the stack, 

It the stack pointer is in local for»dt, the stack address is local to 
PC section, ^or exairipiej 

2, ,100/ MUVK i7,t»lO0,»20OJ 
2,, 101/ PUSH I7,i00 

Heaause the let.t halt of the stack pointer is netjatlve, it is in local 
format. Therefore, the stacK address U 2,, 200 l,OCAL# because the 
stack is local to PC section, 

i^oeal itacK pointers are always loeal to PC sactlon, 

Thf ttit for the poiiibUtty of a global iitaoK pointer il 
done based on PC lecUon, that i§, it PC section Is 
nonwjeroi the stack pointer may he Global, 

Note that a PUSIi.type stack operation done on a local stack Pointer 
that has overflowed (i,c,, the left half of the pointer has gone to 
zero) changes the stack Pointer to yiobai format. 

The type of stack pointer also determines how the stack address Is 
Incremented or decremented. For example, consider the followlrifij 

2, ,100/ MOVt 17, UlOO, ,777777] 
2, ,101/ PUSH 17,200 

rite stack pointer in this example Is local, so ffi** stack address Is 
2,, 777777 LUCAl, Wheri the PUSH Instruction increments the pointer, it 
'ioes BO section»local , resultinq in an Incremented stack address ot 
2,,0 hOCAI. (Which actually references AC 0), The stack pointer would 
trien look like •77,, 0, 

LtJt^s look at the safi'e example with a t)lobal stacl^ pointers 



apeclai case Anstructlons 



2, ,100/ MDVf: 17, [2, ,777777) 
2,, 101/ FUSM 17,200 

With a qlobal stacK pointer# the increment Is clone qlobaUy, resulting 
in ari Incremented stack address at 3,,o GLDBAl. (which is tnemory 
location in section J), The stack. Pointer would then look ilKe 

o Incrementiny or decrementing a iooai stacK pointer wrapi 
around in section, Converi«iy« the fawt operation on a 
gj^obai stack pointer mey orosi eeetion boundaries, 

in athlitlon to the rcqulrcmt-nt for a ylobal stack pointer to spet^ify a 
full iO«pt.lt stack address, trse operation of tfie PUSHJ and t'fjPJ 
instructions is itiodliied wnen the pc is in a nori<.zero section. Like 
jyp and JKM, l'iu«;iij stores a tull 30-bit fC (f*yain, actuaily PC4I) on 
the stack, owlttlnq the tlays, .Similarly, I'OpJ rt*stores a full jo^hit 
^'C fro'^' the stack ItisteatJ yi ui> IB^tfit i'C local to I'C section, hot's 
look at sumr examplps; 

2,, 100/ fnvk 17, (^100,,200l 
2,, J 01/ Fl'KMJ 17,4no 

Because I'C section is nonszero, the HiitihJ stores 2,, 102 on tf>e stack 
at location 2,, 201, which Mas addressed by a local stack pointer, and 
then Jumps to location 2,,40Q, An updated stack pointer of *77,,20i 
is stored back into K 17, Simllarlyj 

2, ,400/ MOVf; 17, t»77,, 201:1 
2, ,401/ PnpJ 17, 

restores the fuU 30»blt PC troni stack iocatlon 2, ,201 (addressed by 
tri«j local stack pointer) and then stores an updated stack pointer of 
• 100,,20<» pack into Ac 17, 

This beridvior nas some interestind aspects, as the next exawple 
deaonstratesi 

2,, 100/ MUVF 17, [2,, 2001 
2,, 101/ PUSH J i(0,,300J 

Ue<jause PC is in a non*?ero section, the I'UvSiij instruction stores a 
foil iO»hit PC (2,,lo2) on the stack at location 2,, 201 (addressed by 
the global stack pointer). The Jump is then made into section aero, 
but an attenpt to return to the caller «lth a pgrj instruction <*UI 
result in bedlam, in the first plac#», the qiobai stack pointer wlH 
be interpreted as a local one in section zero, In addition, PUpj win 
assume thdt the stack word contains flags and PC and restore aT\ IHwblt 
PC, local to section zero, 

As this exatipif demonstrates, it isn't very practical to call 
subroutines in section zero, from a non-izero sectloti, uslny the normal 
call/return conventions, 



KXTfcNDKD AUPMf'aSlNCi fage 10»25 

iiMtjclal case ir>struetions 

Q If PC if in a nonaiero leceionf the PU5HJ initruction ftorei 
a t\iXl 30 bit PC on the itacK, This if true even if the 
defftlnatien of the Sump if in fection eero and regardless of 
the for>"At Of the ftaqk pQinteft 

If PC if in « noh««tro tection, the POPJ inftruction always 
reftorti « full 30»bit PC from the ttaek. 



10,7,5 JSA and JHA 

TntJSfc instructions use a £gr«it»t that ia incotnt»atliae with exten<ied 
atidressing, Because they are also corisldereil an obsolete wethod for 
subroutine call/return* no attempt rias been made to find an alternate 
torwat for these instructions when executed In a nor»»8ero sectioni 

I'pr compatibility wltrt sectioti zero proyraps, these two instructions 

continue to wor»' In non*zero sections. However » their "sp is 

restricted to Intra-section operation, and some ot the non«zero 
section rules are Ignored, 

m the case ot JSA, the eftectlve address is always treated as a local 

address m t-C section, even it the KA#Cdic results in a global address 

in another section, tn addition, only the in»sectlon parts of E and 
PC ere stored in the halves of AC, tor example, 

2, ,100/ JSA J,*"[J,,200l 

stores the current contents ot AC into location 2, #200 (PC section 
plus the Inwsectior) part of f'A), stores 200 (in»sectlon part of K) in 
AC left» 101 (InB-sectlon part ot PCfl) in AC riyht, and lumps to 
2, ,201, 

Sl»Uarly# the effective address for JHA is always treated as a local 
address In PC section. In addition, the AC Is restored from the local 
address In PC section contained in AC left, for example, 

2, ,201/ MdVE 1, 1200,, 101 ) 
2,, 202/ JHA t,(l) 

restores AC from location 2, ,200 (PC section plus contents ot AC left) 
and then junps to 2i#l0l (KA in PC section). 

This behavior Is consistent with the operation ot the Instructions In 
section zerot 



ijpeclal pase instructions 

JSA and JHA alwayc compute an efCectlve addrofs iQcal to PC 
SfCtion even it the KAvcalo generates a SOahlt address 
outside of FC section, 



10 #1.6 L"iius 

In a iipr>»extentled nidchlne, f,uutis trap via a pair of locations (40 an'i 
41) in «xec or user virtual mewory, Because tnis scheaae Is 
InsuHlclent to support extended addresslnq, the operation ot tfUUns is 
modified if the PC is in a non««ero section. In this clrouwstance, 
the LfHin ts processed through a four-»word blocK *hlch Is addrc^ssed by 
a word In the exec or user process tables, see the phm for wore 
uetaiis, 

o If l^C Is in a non«SEero sectloni luuus tra|) through a 
fgur»»»ord blocK addressed by a location In the t;PT (exec 
Luuo) or UPT fuser Lliuo), 



10,7,7 BLT 

The for'nat used for source and destination addresses by IVLT is 
insufficient to represent two JO-blt addresses, As a result, the XBLT 
instructigri was added to the instruction set to auo* biocK transfers 
trow one arbitrary JO«blt address to another, Pesplte this, Hi.T Is 
still useful for intra»8ectlon bjock transfers, and the operation of 
the instruction has been changed slightly. 

The ibltial source address is constructed by taking the JUwbit address 
In the left half of the ftC and appending it to the section number and 
Jo<?al/global flag from the effective address, Siwilarlyt the Initial 
destination address is constructed from the is^oit address In the 
right half of the AC and the section number and local/global flag from 
the effective address, This means that transfers are always to mni 
tron the same section as that specified by the effective address, 
which need not necessarily be the same as PC section, Hource arid 
destination addresses are then Incremented, sectlon»local (even If BA 
is global) until the destination address Is equal to KA, l-or exampiej 



2,, 100/ MOVE I, t 200,, 300 I 
2,, J 01/ BLT l,fi[3,,i02\ 



m tftls exaf'iple, the FA«calc tor the iHT results In J,,.i02 <:bObAb, 
iislng tlie rules above, the Initial source and destlnatlor> addresses 
would be 3,, 200 GlUHAi, and 3,,J00 Cl-UHAl,, Therefore, the followinn 
transfer would take piacei 



apectttl case instructions 



J, #200 c> 3, ,300 
I, ,20! ■> 3, ,301 
J, ,202 «> 3, ,302 

Let** look at an exawple that demonstrates trie slgnltlcance at 
Incrementing tne addresses sectlon«looai? 

2, ,100/ MOVi; I, [777776, ,300) 
2, ,101/ lil.T l,*it3,,302J 

AS in the previoui example, tA Is 3,, 302 GhOBAU and the initial 

destination address is 3,, 300 GMJHAI., m this case, the Initial 

source address is 3,, 777776 GLUDAI, and the foUowinu transter takep 
Place: 

3,,77777t> ■> 3, ,300 
3, ,777777 »> 3ir301 
3,,0 s> 3, ,302 

Note that the source address was Incremented section-local even though 
It Was d cuohai address, 

it is intportant to note that the locai/yiobai tiag must be Included in 
constructing the initial source and destination addresses even though 
the a<)dresse8 are always incremented section»local , This is because 
the check for an AC reterence is done by including this flag, l.et»s 
JooK at t^fo exdtfplcs, one whose EA is local and one wnose fc;A is 
dlobalt 

2, ,100/ MUVK 17, (I, ,2003 
2, ,101/ BIT 17,201 

in this case, the result ot the t;A»caic tor the tilf is 2,, 201 LUCAh, 
Theretpre, the initial source and destination addresses are 2,,1 LOCAh 
and 2, #200 LpCAL, respectively. Because the source is a local address 
whose ln»sectipn part is in the range 0-17, it references AC l, Now 
leti'i look at the global caset 

2,, 100/ MOVE 17, t1,, 2001 
2,, 101/ hit 17, (fit?,, 201 1 

in this case, the result ot the tA.calc tor the ^n is 2,, 201 ChQishU, 
Iheretope, the initial source and destination addresses are 2,,1 
GbUBAL and 2,, 200 GTUBAb, respectively, in this case, the source 
address referetices Kiemory location 2,,i instetnJ of the ACs becaiist* t»»e 
etCective address is qlobal, in both cases, however, th^ addresses 
are iKcreiticnted sectionwlocal , 



aM*JciaX case Instructions 



Haye 10-2H 



Tht initial sourcf and deitlnation addresiei tor iU^T are 
conitructed by app^ndina tht appropriate haxf of the «C to 
the paction number and locaX/yloOal flag fro* the effective 
address, Incrtnentiny of aeuroe and deitinatlon addreiesea is 
alwayi done tectien«loeal independent of the state of the 
lo«al/global flao, However# the determination of AC 
reference is done via the nornai rules by including the 
loeal/gloOal flag. 



10,7.8 xiaT 

TJiii XHiiT Instruction is the one exception to the rule that a section 
zerg proyratf cannot retcrence data in nonntero sections. In this one 
case, the contents of AC-»1 (source pointer) and ACt2 (destination 
pointer) are always treated as 30*hlt global addresses, even It the PC 
is in section aero. This weans that a program runnlm In section zero 
can allocate a nonwzero section and XBI,T code or data into It without 
haylnu to Hump into a hoiti>zero section to do It, 

o the iouree and deitination addresiei for XHLf are always 
interpreted ai full 30abit glohal addresses, even if the PC 
ii in section $ero. 



This ifeans that 
of the XBM may 
Kor example} 



the fjnal addresses J eft 
he inaccessible by other 



tn AC + 2 and ;\C + .1 at the pnd 
instructions in section zero, 



0,,100/ 
0»»lOl/ 
Or, 102/ 
O,,105/ 



MOVKl 1,777777 
MOVf:i 2,20 

wnvr- 3, 12,, 100} 

KXTFlNp 1,(XBhT) 



;Word count 
(Source address 
^Destination address 



in this example, the transter Is tro«f» o,,2o to 2,,100, and tne number 
of words transferred is 25tjK«i, The final source and destination 
addresses left in AGs 2 and J are i,,17 and 3, ,77 respectively, 

Kor XHLT, the final values stored in AC«2 and AC^S for souree 
and deitination addrestes are computed by adding the initial 
worcl count to the initial lource and deftination addresses, 
fhis oomputatlon i|t the ««me in all sections, including 
section sero. 



a»jecl*«l case insLruetlons 

10,7.9 JHSTK 

It the PC is In a nonwzero section, jhstk traps as an MUUO, This is 
because JM3TK is usually used witri an indirect *QTd or index register 
with PC eiatjs in the left halt, It is quite UkeJy that these fiaqs 
would be rnistaKen tor a qlqhal section numher, 

If PC if In a nonasero veetioni JH9Tr traps as an muuo, 
xjHgTr should k}« used Jn a non«»ero itctlon. 



10,7.10 XMDVri drtU XULLI 

ot the 
tilts ot 

XMLLI 
hdU ot 

()?ie lifportant in'taicdtion ol these two Instructions is tt>at they 
convert a local referencr to an AC In any non-zero section Into the 
qlot>a} toriii, Kor example I 

2, ,100/ XMOVKI 1,1) 

The FR.calc of the X«nVEI results in 2, ,6 LOCAL, which is a local 
reference to AC 6, This result is then converted to the ylohal AC 
address of l,,b Uetore being loaded into AC 1, 

This conversioti is not done if the AC reference Is local to section 
zero, f-or examplei 

2, ,100/ XMUVRI 1,l«t200000,,6) 

in this example, the EA-caic follows an indirect FKIW into section 
zero. The result of th# f:A»calc Is therefore 0,,6 LUCAL, which is a 
local reference to AC 6, Uecause the effective address is in section 
zero, it is not converted to the qiohal form and t),fh is store<J In AC 
I. 

It tht eftective address of an xmovei or XHi^i^i i$ • locul 
rei«rence to an AC in a non«tero ttotlon, the AC address it 
converted to a global AC address before being loaded into AC, 




KXTF:NI)Et) ADUHtSSING Pa^je lOwlO 

special case instructions 

10,7,11 XCT 

With tue exception ot the modUlcation of the PA»calc rules In a 
nori-furo sectioor the xct Instruction operates in the same manner as 
on a tion»extended machine, The operation of the instruction helnq 
executed, howeveri way be atfected, This section describes these 
cases and gives exaifipies to demonstrate them. 



10,7,11,1 Default section tot KA«calc 

If an instruction is executed by an XCt, the Initial default section 
for the KAwcalc ot that Instruction is the section from wntch the 
in»tructton was fetched. This way be ditf-erent fro» PC section if the 
XCT and the executed instruction are In different sections, Kor 
tixaiDplet 

i,,100/ XCT ¥t2,,iQQ] 

2,, 100/ HUMK 1,200 

in this example, the XCT Instruction is in section J and the executed 

instruction is in section 2, The Ka.caic tor ttie MUVt; yields a local 

address, Which Is local to the section from wnich tr>e MUVfc was 
fetched, Therefore, the result of the EA.calc is 2,, 200 LOCAL, This 

rule allows one to XCT an instruction in another section and have 

local references ticnerf"'tert ny the executed Instruction be local to the 
section cofitalnlng the instruction, 

The initial de£«uU metion tor the EAvoaic of an initruetlon 
executtd by XCf it that from which the initruction wai 
fetchtd. 



10,7,11,2 Relationship with skip and jump Instructions 

when a skip Instruction is xCTed, the skip is always relative to PC 
section, l,e,, the section containing the xCT (first xcT If ttiere is a 
chain of XCT^j, t^jIs Is true even If the sKlp instruction is In 
.another section, tor example j 

J, ,100/ XCT I«f2,,300l 

2,, 300/ aKIPA 1,200 

It! tr»l5 example, an XCT in sectlot! i executes h sKIp instruct loft Irs 
section 2, Because ttils instruction always skips, ttie next 
Instruction Is taken from location 3,, 102 (PC+2), not 2,, 302 
(lristructlon*2), However, the t;A»cale of the SKIPA Instruction 
results m 2,, 200 LOCAli, so the contents of location 200 In section 2 
are storeci In AC, 



apeclal case instructions 

IIS an XCT txecutes a skip Instructlonf the pkip Is always 
relative to PC section, even it the skip Inftruption If in 
another section. 

The tpllowlng exawpie demonstrates the etfect of XGTlng a jump 
Instructlofti 

3, ,100/ XCT t*t2,,t00) 

2, ,100/ JHST 200 

in this example, an XCT In section 3 executes a lump Instructior^ In 
section 2, The r.hmc^lc for the JK3T results in an addrciBs local to 
section 2, so the next Instruction is taken from 2, ,200, not 3,,2oo, 

o It an XCT «xecutet a Juwp Instruction that Jump*, the next 
initruction is fetched frow the effective address o^ the 
Jump* This U true even If the XCT and the jump are in 
different sections and the KA^eale of the jump results In a 
local address whose section is different from pc section, 



10,7,11,3 FC storlny instructions 

When ail xCT executes an Instruction that stores PC as part of the 

operation of the Instruction (e,q,, t'USHU* JSI^, etc,), the value 

stored is relative to PC section (l,e,, the XCT) and not the section 
ot the executed instruction, Kor exawple: 

3, ,100/ XCT fe>t2,,200l 

2, ,200/ JSP J, 300 

In tjils example, an xcT in section 3 executes a jsP in section 2, Tne 
next Instruction is fetched trof" location 2»f300 because the {■:A»calr 
01 the JSP is local to section 2, However, the PC stored In AC l Is 
3, ,101 fXCT*l), not 2, ,201 (JSP41), 

If an JCCT execute* an initruction that utores PC as part of 
it! execution! the value stored is relative to the xct apd 
not the executed initruction. 



10,7,11,4 local Stack reterersces 

wr>en an XCT executes a stack instruction thr»t uses a local stack 
pointer* the stack polt^ter is local to PC section and not to that 
contatfjlnq the stack irjstructlofi, For exaf«r>lei 



iipecidl case Instructlyns 



3, ,077/ MOVB 17, [#100, ,300) 
i,,lOO/ XCT (-12, ,2001 

2,, 200/ VUHH 17,400 

m this exai'"|Jle, an Xc'l in section 3 executes a Huhh ifj sectJon 2, 
Since the KA-calc for the PUSH results in a local address, ttie dtitum 
to ue pushed is in the same section as the push instruction (at 
location 2,, 400), tlowever, the stack pointer Is local to PC section, 
not t»)e section containing the PUSH, Therefore^ the datuw is stored 
on the stack at location 3,,J01, 

Tf {in XCT executes a stacK Instruction whose stacK pointer ie 
i6C«lt the itacK in local to PC lection, not the section 
containing the stack initruction. 



I0t7,!l,'j Generalizations for XC'i 

The exa»H|»les above cover sjjecttlr relationships between XCT and the 
executed instruction. There are really two tjenei dUiidtioiiB (one oi 
«hicii was given al)0ve) tfiat can i»e made about XCT, as tollowsj 

1, The initial default section for the hAf»calc o£ an XCTed 
instruction is that from whlcli tfie instruction was fetched, 
and not the section trow which the XCT was fetched, 

2, Any test of PC section l;or determininy whett>er section zero 
rules or nonvsero section rules apply is done based on the 
section froip which the xCT Instruction was fetched (the first 
one if there is a chain of XCTs), That is, PC section 
doesnrt change because an XCT executes an Instruction in 
another section. 



hJXtrsNDEl) AlH)HKSSIN(i t^aqe 10«3.J 

auwmary u£ default sections tor fc:A»cdlc 

iO,8 SuftHiary ot default sections tqr KA»calc 

After covering all the special case Instructions, it is worthwtiile to 
8utainar4«e tl.e rules regardln'J the initial detault section i!uinl:jer for 
KA«calc*s, The Initial dctauU section tor any KA^calc is that fr^t^^ 
which the address word was fetched. This is true tor the simple cases 
as well as the niore complex cases, The toUowlny table gives the 
iriitial detault section for the various Kinds of EA»calci 

ii;4«o«J.(; qUsa lulUAl dQiauit a^cUoq 

instructiot) PC section 

xcTed instruction Sectloti containiny tlie executed instruction 

Hyte instruction aection containing the t.yte pointer 
hyto pointer 

KXTKND if»structioi^ I'C section 
byte noihter 

KXTFNf) instruction section containing the opcode word 
opcode word 

hocal stack PC sectlor) 

pointer 



Section aery vs, oon-zero section rules 

10,9 Section zero vs, nonwzero section rules 

As the previous discussion ot special case Instructions indicates, 
soiae instructions do ditferent thin<js based on d test tor section 
zero. However* this test isn't always on I'C section. We have 
Intentionally left out examples that demonstrate $o»e of the boundafy 
conditions that roake extended addressing hard to document to avoid 
confusing the reader betore the simple cases are understood, Thli 
section Includes exaffiples of the^se boundary conditions, arul su»mari«es 
the rules tor testing to see i« section zero rules apply. 

The first exatitple Illustrates the test tor the possihility ot a global 
byte pointer! 

3, ,100/ LDH l,(«t0,,200i 
0,,200/ 000640i,i00 
0,r20i/ 4OOt)0O##4oo 

In this exd!'!ple, the byte instructlun is in section J aruJ the byte 
bolr.ter Is in section 0, Note that bit i? is set in the byt^ pointer 
whlch# it global byte pointers are allowed, would IrnUcate a two*word 
global byte (»olnter. Is this bytt pointer Interpreted as a onewword 
local or two a word global byte pointer? The rule given in a previous 
suction Sdys that the test is "uide based on the section froat which the 
byte poititer was fetched, Theretore, bit \2 is igtiored, the byte 
pointer Is Interpreted In one»word local format, and the byte is 
fetched front the word at location 0,,JOO, 

L,et*s look at a similar case Involving both XCT and KXTf^NOi 

J,, 100/ MDvtix 1,5 isource length 

J^#iOl/ MOVK 2, {440740, ,50gJ j.Source b,P, {tst wd) 

3m102/ MOVfc' 3ft5,,!001 rSource b,p, (2nd wd) 

3f»l 03/ MPVKI 4,5 H>estinatlon length 

3m»04/ moVK 5, [440740, ,300) ; Destination b,p, (1st wd) 

3,, 105/ MOVl* 6,t5#,200] jUestinatiOh b,P, (2nd wd) 

3,, 106/ XCT I* (0,, 100 J jKxecute KXTI-iND In section o 

0,,100/ EXTKND 1,200 

0,,200/ MOVSLJ jKxtended opcode Is MOVSLv! 

0##20l/ jl-'lll criuracter is o 

in this example, the XCT Is in section 3 and the entire f:XTFNP 
Instruction is in section zero, Hotn the source and destination byte 
pulnttrs have bit 12 set, which fifdos they may be interprete<l as 
twowword global pointers. Hut are tney? The rule given In a previous 
section says that the test is made based on PC section, which Is 
non»xero. Therefore, the byte poirjters are two»word global and the 
string is moved from 5,, too to b,,200, if this seems like an anomaly, 
rewewber ttiat the test is based on PC section because the byte 
pointers are fetched fro* the ACs, Heterences to ACs addressed by the 
AC field of the Irtst ruction are alw^iys made In PC section. 



at?qtion *ero vs, noM»zero section rules 

A final exafnple combines an XCT with a JS(<: 

3, ,100/ XCT HfO,,2Q01 

0i,200/ JSH 300 

in this example, the xCT is In sectior) J and the JSM Is in section 
zero. The PAwcalc ot the JSH Is local to section zero, so the 
destination o* the jump is 0,,iOl, but what is stored in 0,,300? The 
rule qiven in a previous section says that the test Is based on I'C 
section. Therefore, we store a full iO.blt PC (3, ,101) into location 
0,,300, 

The tcit toT seqtlon «ero rui«s vs, non»*ero lection ruins 
if dene based on HC lection for all 9ates e^ctpt bHt> 
initrucllonf , Thii ii true even if the Inftruotlon if «n XCT 
Which executef an Inftructipn in another faction (including 
section ?ero}i 

o The test tor laetion earo ruieg vg, nen»m#ro •notion rules 
for a byta inftructipn if done bafed on the fection froR) 
Which the byte pointer "af letchad, 

n Is important to realize ttiat FC section may be ditferent troitt tr»at 
containing the Instruction belny executed jf an xci (or chaifi ot XCts) 
is involved, PC section is always thrit from which the original 
Instruction (the XCT if that instruction Is involved) was fetched, 
This Is a subtle tUstinctlgn, but It is important in testing for 
section zero rules. 
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ijljeciiil cyfisideratlon for ACs 

10,10 Special consideration for ACs 

Uu tfie Pi)P»10, the ACs are both yeneral purpose registers arul also 
part of trie virtual address space ol every prqyra'f. This dual use is 
convehieut byt also contusiny when one is atteaptinq to understand the 
rules of extended addressing. This section describes some o£ the 
aspects Qf the relationship between extended addressing and ttse use of 
the ACs, 



10,10,1 AC references 

An AC can be referenced in one of four wuys as follows: 

1, As a yeneral purpose register through the AC field of an 
Instruction, 

2, As an index reyister throuyh the index register field of an 
instruction or indirect word, 

3, As a Jocdl memory reference to tfir first 1(> tdecitnal) 
locations of any section, 

4, As a global mefliory reference to ttie first lb (decimal.) 
locations of section 1, 

in this discusslohi we are concernecj with trie last two uses. 

The rwles tor extended addressing say that »e»ory references If) 
section zero are always local. Therefore, a section zero meBiory 
reU'reftce can reference the ACs only it it is to the first 16 
(deciifiaJ) locations in section zero, On the other hand* a wewory 
reference in a noh»zero section can reiCerence ttie ACs in two different 
ways. If the memory reference is locali the ACs appear in the virtual 
address space of every section as the first 16 locations, For 
exawplCf both 

2, ,100/ MOVi: J, 2 

and 

5, ,100/ MOVfc 1,2 

retejrence AC 2 even though the addresses are local to different 
sections. 

If! addltlors, the ACs may be referenceti iti a sect lori-independent way 
Via a reference to global address 1,,n, where n is In the rarige 0-17, 
inclusive. This means that an AC address can be passed between two 
routines running irt a rion-stero section, eveti if the routittes are in 
different sections, Kor examplet 



apecidi cofisiderat ton for ACs 



5, ,100/ m]\fl ib,l\t,i>] |Gct global AC address for 

B,,101/ I'HSMj 17,(!»t3,,2001 ; b and call routine 
I 



AC 



} 



J,, 200/ MOVt: 1,(16) |iJse global XH to tetch data 

If! ttils exampiei the calUnq routlnp in section 5 places the global AC 
address for AC b into AC 16 and calls a routine in section 3, because 
lir,6 is a global AC address, the called routine interprets the index 
in Mlobal torB'at and the data is tetched trow AC 6» 

Note that an address of the fori' l,,n, where n is in the r^nye Omll f 
will always itieience tfie ACs, whetfier tlit address is local or global, 
It the address is local, the reierence is a local reference to the ACs 
in sectioti I, It the address is global, it is a global AC reference 
to the ACs, 

An addreii of the ter» l##n» where n i» in th« range o.i7, 
inelutlve, rf^^^rt to the ACs whether it Is a local or global 
addretf. Theretort, luch an address can be ufed to refer to 
the ACS even if the state of the local/global bit is nut 
known. 



10,10,2 Thstructlori fetches 

All instruction fetcrtes are made as local references, even though the 
PC is a full 30»bit address, Therefore, an instruction is fetched 
trotfi the ACs whenever bits 18*J5 of I'C are in the range 0»17, 
inclusive, independent of the section number. Consider the following 
examplei 

1,,100/ XJHST t3,,2] 

This Instruction sets the FC to J,, 2, However, the next instruction 
fetch will come trofn AC 2 because it is made as a local reference. 

This behavior can have sowe IfnpJ icatlons for instructions that also 
store information before changing I'C, Consider the following exawpiei 

J,, 100/ d.SH «*f 3,,2J 

Tf-.u JJ}H stores ttiC ciJireiit VC Into (Hemory location i,,2 and thef» 
changes the pc to 3,, J, The next Instruction is then fetched trow AC 
i because of the local reference, but the old HC Is in memory and must 
be fetched with a glot>rtl reference, 

Instruction fetohei from C(PC) art always «iadi» as local 
references eyen if PC was previously set to a global address, 
This means that instruction letches from the first 16 
(decimal) locations of any section cause the instruction to 
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be fttehed frQn the ACs, 



10, 10, J Storinq PC 

Jf flr> instruction that stores PC as Part of its execution is fetched 
from tht< ACS, the PC is stored as a tull iOwbit address it PC is in a 
noh"'Ztjro section, ^o^ exaniple: 

3,, 100/ MflV!-. 4#USP 2,2001 
3,, 1 01/ JHST 4 

In this exafiple, the MQVfc: instruction stores a visr into AC 4, and the 
JH5T instruction computes a local cttcctlve address that references 
the ACs, PC is set to 3, ,4, hut the next instruction is fetched from 
AC 4 because instruction fetches are always made as locaj references, 
Therefore, the next instruction to be executed is the Uijp, because PC 
section Is non-zero (it Is still 3), tht* JSP Ntust store a fuU <o-bft 
PC into AC 2, The iiofiortant thin<i to realize Is that PC is 3,, 4 and 
is not (),,4 (a section zero AC address) or ),,1 (a Global AC address), 
Therefore the dsp stores 3,, 5 (remember, It stores ?'C»1) into AC 7 au<\ 
junipu to 3,, 200, 

T£ «n Initruction that is fetched from ac storQi PC as part 
ut its execution, the PC stored is a Hull jOvbit address 
including PC sectioni if PC section is non.Jeero, 



10,10,4 storing KA for bHUt), MhUO and page fails 

When an LUiJU or Mhuti is executed or an instruction patje falls, the 
wi<?rocode stores some intorfnation about the exception in a block 
addressed by a word fetched from the iJPT or KPT, The information 
stored includes the effective address (or reference address In the 
case of page fall) for the Instruction that caused the exception. If 
the resulting effective address Is a local reference to an AC in a 
non-atero section, the microcode corjverts this address to a global AC 
reference before storing it in the blocK, This is the same rule used 
for XMQVfci and xhlli, 

It the affective address of an i^uuo or muuo, or an 
initruction that causes a page fall results in a local 
ralaranca to the ACs in a non»8ero section, the mlerocode 
converts the local AC reference to a global AC address before 
storing the result. 
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iO,io,5 An exaniple 

Consider trie followlnq exampie that brings together all ot these 
rulesi 

3, ,100/ MfivK 6, roo!ooo,,ioj 

i,,101/ JHST b 

In tfjls exampjei the MUVK stores an LUUd (opcode oyi) Into AC 6 and 
the vJHST sets VC to i##f), Tr>e following list Indicates the 
siMninciint actions that are pertormed to process the lUUOi 

1, The Fftwcalc for the IjUnii is pertorwed and the result is 3,, 10 

LOCAL, 

2, Because MC section Is non»zero, the LUliy »ust be processed 
through a four«»word block addressed by a location In trie UPT, 

3, tC + l must be stored ys a full 3()«blt address, including 
section tuiiitber. The value stored Is J#,7, 

4, fiecouse the pAtcalc ot the LDUO resulted In a local reference 
to AC 10, It wuBt be converted to a global AC address before 
it Is stored In the block.. The value stored Is therefore 
NilO, 
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10,11 t'XCT 

When the monitor la InvoKed by an nuUQ, page fail, etc,, the address 
SM'dce ul the process that cauued the invocation is potentially 
different from th«|t of the »"onltori In order to provide a 
commuriications »>echanlSBi between the monitor and the soncailed 
"previous context" » the HXCT (for Previous context XCT) instruction 
was dettfted, Althouyh PXCT is normally considered as a separate topic 
fr«w extended addressinyj there are interactions between the two that 
wahe it desirable to talk about them together, 

because FXCT is legal only in exec mode, there is no need to define a 
new opcode tor the instruction, Mather, the normal XCT opcode is 
used, jnd a non*zero AC field dlstlnguisfjes a PXCT front a narmdl XCT, 
The opcode nawe PXCT is simply a notational convenience to emphasize 
that trie executed instruction is making previous context references. 



to, it, I Previous confext 

For tt)e Puri'QSes of this discussion, "previous context" is defined by 
three processor state variables: {'revious Context Section (f*CS), 
Previous Context liser (PCH), an«i Previous AC lUock (HAU), VCii is a 
I2«bit state register (S on ttic hiAO) that gives the value ot i>C 
section in the previous context at the time of the event that invoked 
the monitor, PCU is a l*bit register that indicates that the previous 
context was user tnode (as opposed to exec mode), PAH is a 3«blt 
register that gives the AC block number used by the previous context 
(there are typically multiple AC blocks implemented by a wachine, u in 
both KHO and KCIO, The so»called "current ac block" is addressed by 
another i«bit state register called Current AC Block, or CAH), 
Therefore, the previous context includes both the address space and 
ACS that were ir) use at the time of the event that invoked the 
monitor. 

When a context change occurs as the result of an Mduo, page tall, 
interrupt, etc,, the previous context state variables are set 

ype of context 

purpose of this 

■ r more 

are set 



according to a set ot rules that are defined for each type of c 
change. The specific rules aren*t Important for the purpose o 
discussion and the reader is referretJ to other sources tor 
Inforfi'iitlon, The important point Is that the state variable a 
as the result of the context change, 

m ad<<ltlor) to being set on a context change, the mortitor may also set 
thtj stute variables explicitly when It Uoslreb to tndke an asynchrorious 
reference to previous context. 

These previous context state registers then direct references to the 
previous context as described below, Note that the previous context 
rieed tiot always be user mode. It is exec mode in cases where the 
monitor makes ri retpjest of Itself, such ds the execution of an Mlihu by 
the monitor. 
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10,11,2 Use of the previous context state variables 

Tfje state registers 9Cii, VCU, aruj 9h\i rjoid information necessary to 
maKe a previous context weKiory or AC (as mewory or index reqlster) 
reference, This section dcscril'cs the use for each register, 

HCi? is a la^-hit state variable that gives the value of PC section in 
the previous context, it is used in the PXCT KAwcalc algorithB) as 
descrihed below to provide a detauit section number £or a local 
KA»ealc, It is also used as the basis tor the test for section SRero 
in lowe instructions ttmt behave differently In nonfczero sections as 
descrilied below, (f-or most tnstructionsi the effect is as if the 
instruction were executed in previous context,) 

I'CU is a l»blt state variable that indicates that the previous context 
was user wode, l>Ch Is used to select the address space for a previous 
context tttewory reference. That is, if the reference is to previous 
context and PCU is set, the reference is made to the user address 



space as mapped throUyh the Ul^r, 
previous context «nd PCU !s 
address sf>ace as majtped through 



Conversely, 
not^ s^t , the 
the hV'fg 



if the re£eronci« is to 
r»*fer*»nre Is to t*'>m exer 



HAH is a Ubit state variable that gives the AC blocK number for the 
previous AC blQcK, It an Index register or AC is referenced in 
previous context, yf^b gives the number of the AC biocK containing the 
data. 



10,11,3 Heferenccs to previous context 

The PXCT Hiechanism allows the monitor to execute an instruction such 
that certain references of the executed instruction are made to the 
previous context. Conceptually, these references are made as if the 
PXcTed Instruction were being executed in the previous context. 
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I0,jit4 AppUcauie trtstructlons 

Not all Instructions may be executecJ vlu t^xCT, The use of t'XCT is 
liwlteiJ to instructions that are useful to the wonitori and no attempt 
is watJe to trap those cases that aren't appucahie, Tfie instructions 
that Way be executed are as follows} 

MUVK class instructions 
Halfword class instructions 

Kxcn 

XMOVKI, XHLLI 

BI.T (with restrictions), XMJiT 

Arittimetic (integer and floating point) instfuctiorts 

Boolean Instructiofis 

UMUVK class Instructions 

CAi and CAM class instructions 

SKIl', ACS, and iius class instructions 

{•oqlcal test instructions 

VVSn and VUV (with restrictions) 

hyte class Instructions 

HOVSLJ (with restrictions) 

MAP 

All other instructions are InaPHicahlei and the results of executing 
an iriapplicahle instruction ^re undefined, Note that this list 
tfxplicitly excludes all instructions that lump, 



10,11,5 Jnterpretatlon of the AC field uits 

The tour hits of the AC field of the PXCT instruction determine which 
memory references of the executed instruction are made to previous 
contextt P'or wost PXCTed ifistructions, the AC field bits are 
Joyically grouped into two pairs (9pto and ii»i2) to control how 
KA«c«lc and data references are Performed, Within each pair, the 
first bit (the generic "f-; control bit") causes index register and 
address word references tq come from Previous context during «Jn 
KA-calq, The second bit (the generic •»{) control hit") causes data 
fetches as the result of instruction execution to cowe from previous 
context, When considered as a whole, hits y*t2 of the AC field are 
named tEi", •PI", "Kaw, and "1)2" hut the generic names ("E" and «D") 
may he used wtien it is clear which hits control the reference In 
question. 

Not all executed Instructions use Uolh pairs of Pits, Iri tact, tne 
great waJorlty of applicable Instructions use otiiy bits 9 and in? bit 
4 for ttie l-Awcalc of the PXCred instruction and pit 10 for the data 
reference matie as the result of that KA.calc, A notable example ol 
the use of bits H and \2 to control previous context references is 
the byte instructions, In this case, bit 11 controls the hAPcaJc of 
the byte pointer and bit 12 controls the data reference to the word 
containing the byte. Some instructions use other combinations of 
bits, e,g,, bl/r, KXTKND (MOVSLJ and XBbT), and stack instructions, 



PXCT 

The previous context meroory references coritroUed by each AC tleld bit 

way t>e summariied by the toilowinq tables 

Hit Heterences wade in previous context if bit is 1 

y (Kl) fctiective address calculation qi instruction (index 
registers, indirect words), 

10 (Ul) Memory oiiercinds specitied by KA, whether Jietch or store ce,q, 

. PUSH source, POl» or BLT destination)! byte pointer, 

11 <K2) Ktfective address calculation of byte pointer; source in 

KXTF:ND (C,y,, KBIT or fmvsLJ source)} effective address 
calculation of source byte Pointer in fcXTtNU (MOVSW). 

12 (D2) Byte data; source in blft destination in fcXTKND (e,y,, XHl.T 

or hdVSLJ destination) I effective address calculation of 
destination byte pointer in tXThND (MUVSI.J), 

There are obviously a limited number of valid combinations ot AC field 
t)it5 for those instructions that itay be PXCTed, The tollowlny tablt 
<iives the leqal combinations. The "AC column qlves the AC field 
value for the equivalent l-ita, e»y.# the AC coiuH'b would oorHaln a 4 
tor a u t a bit string. 

El 01 E2 P2 
Instructions AC 9 lO U 12 l';eferences 

(General 4 10 Data 

14 1 I K, data 

PUSH, M)P 4 10 Data 

14 ! 1 K, data 

immediate to i • y. (no data reference) 

Bl/r 5 10 1 aource data, destination data 

Et source data, destination data 

XHlT 2 10 Source data 

hestlnatiun datd 

Source data, destination data 

Myte 1 Q 1 Byte data 

Pointer fc, byte data 
Pointer, Pointer ^', byte data 
K, pointer, pointer f':, byte data 
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MUVSLJ I t Destination Pointer K, 

destination data 

2 10 Source pointer £, source data 

3 11 Source pointer K, destination 

pointer J** source datai 
destination data 

Note that Ul/T, PUSH, pop, and mdvslj have restrictions on what memory 
references can be pXCTcd, For BlT, aU references, optionally 
Inciudinii tfie KAncaJc, ffiust be done in previous context. The results 
of, PXCTlnq a BlT where source but not destination or destination but 
not source is in previous context are undefined. The WVhC and STpAC 
Instructluns should be used to transfer the previous ACs to and trom 
current context, in all other cases, xniT must Ue used to transfer 
data hetween current and previous context, 

Kor t'lJSH and POP, the stacK must always Ue in curret»t context. This 

tneani that previous Context references tor PUiSH and POP are limited to 

the KA*culc and data reference made to the locdtlon addressed hy the 

fc'A»ealc, PUSH and pap therefore reduce to the "tieneral" case, 

Por MUVSLJ, If source or destination data is In previous context, tho 
source or destination byte pointer FAncalc must be done in previous 
context also, I Ji the monitor wishes to torce a currer»t context 
KAf-caic tor «i previous context datd reference, it can compute tUf: 
effective address of the byte word and use a one* or two»word global 
byte pointer. The microcode will still do the EA»calc in previous 
context, hut no previous context defaults will be applied. 



I0,ll,b Modifications to the KA-calc algorithm 

Ihe appropriate "f;:" and "D" control bits fro« the AC field of the PXCT 
instruction are used to modify an t:A»calc done on the executed 
instruction or a subsequent KA-calc done by the instruction (e,«J,f 
byte pointer). This modification involves pre* and postwprocesslnt} 
the normal effective address calculation alnorithms to conditionally 
include FCS at two points, 

If the appropriate "t" control bit is set, the initial default section 
tor the KA.calc is set to VC3, since the "K" control bit also 
corjtrols previous context indirect word and Index register references, 
this means that ttje entire tAwcaic is done m previous context, it 
the "I-:" control bit is not set* the initial default section for the 
KAwcaJc is that iroiii whlcti the dddrtss* woiu was ft'tcheU, ciiui th€> 
KA»calc is done in current context, 

tKihefi tl>e normal KAi-calc is romnieted, the resultlnn vol up is 

postwprocessed. If the result of trie fJAwcalc was a local address AN|) 

trie "t" control bit was not set ANh the "D" control bit was set, the 

section nuifiber of the fcA«calc is replaced by PCS, Note that ttie 
local /gl Ola 1 flag regains local if this Is done. 
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The application o* PCS at the end of the KA.calc uiay see» to make no 
sense at Cirst ylance, so let's taKe a closer look at it, Hemember 
trtat the purpose ot l^XCT Is to allow the monitor to reterehce data in 
the previous context as i£ the user t.ad supplied it, It the user 
supplies a local address in, for example, a si&tS argument, the monitor 
should wake the data reterence local to the section in which the user 
was ruruUny, Uy applying PCS at the end ot the tAwcalc as indicated 
above, the microcode autoiratlcally makes the reference to the correct 
section. 

This algorithm niay be described by the following ilow charti 
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Assuwe that PCS Is l and consider the tolIowln«j example; 



2,, 100/ PXCT 4, IMdVK t,lOOl 



MUVK Is one of the "yeheral" class ot opcodes, so bits 9 and 10 of the 
PXCT AC field control the previous context references, Jn this 
exawpJe, bU 9 (The "Kl" bit) is otf and bit JO (the "Ul" bit) is on, 
Thwrelorei tfie J-iA-calc is done In current context with a result ot 



2##100 I4)CA1., Because the "t)l" bit 
the result of the EA»caic Is local, 
PCS to bits fefl? of the t:A»calc, 
therefore l,,100 I.UCAI^ and the data 
in previous context. 



Is on, the "Ki" bit is off, cind 
the PXCT f:A»caic aiyorlthm applies 
The final effective address is 
reference Is wade to that location 



is 2 and that the 



l)et*s looK at another example. Assume that PCS 
foilowinu locations exist in previous contexti 

2, ,200/ 200003, ,300 

i,,300/ 4000O0rf4on 

Jn currer^t contfxt, the tollowiny instruction is executed; 

1,,10Q/ PXCt l4,lMUVfc; l,i'200J 



li> this 

titfld, 

initial 

2, ,200 

follows 

context 

hA»c«l<? 

fetched, 

bit is also 

J, #400, 



example, i»oth the "Kl" and "hi" bits are on in the pXCT AC 

Therefore, the EA-calc is done In previous context and ttie 

default section for the EA,calc is set to 2 (PCS), Location 

in previous context contains an indirect KFIW that the EA»calc 

into section 3, The final address word fetched from previous 

location 3,,i00 is in tt'lW format, so the result of the 

is local to the section from which the address word was 

The result of! the KAscalc Is 3,, 400 I^ocal, Because the "Di" 

set, the MOVE fetches data trow previous context location 



references 



A final example demonstrates the result of an EA»calc that 
an AC, Assume that PC« is 3, 

2,, 100/ PXCT 4, fHOVE 1,2 1 

As with the first example, ttie FA»calc la done in current context and 
PC5 is applied to, bits 6*17 of the result to produce an effective 
address of 3,, 2 UKM, Just as in the non»PXCT case, this is a local 
reference to AC 2, Because tfie "Ul" nit is set, the reference is made 

to prt'viyus context AC 2 In the AC block specllied by pAU, 
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Thfl ^hmc9iQ Qt a PXCT^d instruction »ay be pr«» or 
PQ»t»proctpied «# directed by the AC fieid control bitp at 
the PXCT initruction, except eor thii additional procaasina, 
the iiAacalc algorlthrea and raaults are eiiactly the lame af 
{or the non«PXCT caaa. Thii Ineludat the uset for tha 
locai/<3iobal flag. 



10,11,7 Section zero vs, nonwzero section rules 

ut the instructions that may be HXCTedi there are tf»ree types cstack, 
t)yte, and MnvsLJJ that operate cjltterently tn non»«ero sect tons and 
section zerot wfien one of these instructions is PXCTed, the test for 
zero/non»zero rules may not be the same as the test wnen there is no 
PXCT Involved, The Interaction ot t'XCT with each of the Instruction 
types is covered separately below. 



10,11,7,! StacX instructions 

wjien no I'XCT is involved, the test for the possibility of a ylondl 
stdcK pointer Is done based on PC section. When a PUSH or 1 tU' 
Instruction is PXCTed, the previous context references are limited to 
trie KAwcalc and the datuf?! addressed by the t-A»calc, and the stacif 
reference is always fade In current context, Hecause the startc is In 
current context, the interpretation of the stack pointer type is »ade 
based on the current context PC section and is not dependent on PCS, 
Kor exafltple, assut«e that PCS is 0, 

2, ,100/ MOVE l,tJ,, 10001 
2, ,101/ PXCT 4,tPtlSM 1,200) 

m trils example, PC section is non*zero and the stacK pointer in AC i 
has a global format. The test to determine whether the stack pointer 
is allowed to be global is stlU wade based on PC section (even though 
there is a PXCT involved), and not on PCS, Therefore, the stack 
pointer is indeed global and previous context location 0,,200 is 
piistied ofito the stack in current context location 3,, 1001, 

o When a itacK instruction {PUSH, pop) is PXCTtd, the test for 
the possibility of a global stack pointer Is done based on PC 
faction, 

Whan a stack instruction is PXCTed, local stack pointers are 
always local to PC section. 
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10,11,7,2 Byte Instructions 




AssuNie that PC« is and that the foUowinq locations exi?t in 
pruvious context! 

0,,100/ 400000, ,200 

Q,,200/ 12 

irt current cor.text, the toilo*>iiny instruction is executeti; 

2,, 300/ I'XCT 3, mm 1,4001 

2, ,400/ 000640f,0 
2,,40t/ 400020, #100 

For I'XCT of hyte instructions, hits M tfcl) anci 10 (Ui) direct tht 
KA»calc ot the uyte instruction and tf^e tetch ot the hyte Pointer, 
Bits U 0-2) and 12 (D2) direct the HA»caIc of the hyte pointer and 
th# fetch of the word containiny the hyte. In this example, the "Dl" 
nit Is Off, so the hyte pointer I5 fetched from current context 
location 2,, 400, Bit 12 is on in the hyte Pointer, and a test must b*i 
made to see if it »ay be qiobal, The byte pointer is global because 
it was fetched from current context section 2, and the fact that PC^ 
is sero is not considered. 

The »»E2* hit and the »D2" bit of tf»e PXCt AC field are both on, so the 
byte Pointer p:A»calc is don© in previous context. The second word o« 
th« two*word ylobai byte pointer has the indirect bit set, and the 
next address Word is fetched from previous context location o,,ioo. 
The final result of the EA*calc is 0,,200 j,OCAL in previous context 
and bits 30»35 of that word are extracted an<J placed Ifi current 
context AC 1, 

Let's look at a similar example in which the byte pointer is also 
fetched frbw previous context, fiDCe aqaiti assume that PCS is o and 
the previous context contains the following locatlonsj 

0,,400/ 000610, ,100 
0,,401/ 400000,, 200 

<>,,100/ 10 
O,,200/ 20 

in current context, the foUowlriq Ir^struction Is executedi 

2,, 300/ PXCT 7, (l,I)h 1,400) 
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In this case, the «ri" bU ot the t'xCT AC field is set, so the hyte 
polnt«?r is fetched from previous context location 0,,400, As in the 
iast exaffiple, Uit 12 is set in the t>yte pointer, Uut because the byte 
poiriter was fc>tc?hed from previous context section 0, bit 12 is ignored 
and the byte pointer is Interpreted in onewword local tor»at, The 
bA-caic is done In previous context and results in an effective 
address of 0,,100 LOCAL, The byte is then fetched from bits .I0»lf) of 
t»revlous context location 100, 

Mhen « byte Initruction is FXCTed, the test for the 
PDSSibllity of e glot>«i byte pointer is done bated on the 
•eetloh from »Meh the byte pointer was fetched. This ii 
true independent of whether the byte pointer is fetched from 
current or previous context. 

This interpretation, while correct architecturally, causes some 
problems for TuPK»20 as It Is iri'plentented today because TnPSi»20 copies 
byte pointers fro«' the previous context into current context, 
ideal ]y, tihen d JtiY^ does a byte Instruction on tiehalf of the user, 
the byte pointer would be Interpreted exactly as If the user had 
executed the byte instruction. Thus, If tfie byte pointer were fetched 
lro«n section 0, it woul^i be Interpreted us a local pointeri it it 
were fetched from ^ny other section, It would be interpretf'd as 
Possibly I'elny global. This can be accomplished by uslny PXCT 7, as 
indicated in the exaRiple above, 

Hecause TUPS»20 copies the byte pointer from the previous context into 
current context, one that looks liKe a qlobal byte pointer win be 
interpreted as a global byte pointer even if it is fetctted from 
previous context section ajero. This is because the monitor typically 
runs in a nonwziero section and the PXCTed byte instruction fetches the 
byte pointer from current context, Hence the test for the possibility 
of a qlobal byte pointer is made based on current context section 
rather than previous context section. 



10,11,7,3 PXTi.jNf>ed MnvsLJ instruction 

It no PXCT is involved, the MOVSbJ test for the possibility of a 
global byte pointer is made based on PC section. If a PXCT Is 
involved, the test is more complex because it Is based on PC section 
if tfte I'XCT control bit for the byte pointer is off and on PCti it the 

PXCT control tjtt Is on, for example, assuiae that PCa Is zero and that 
previous context contains the following locations! 

0, ,200/ ASCI I I ABCDt; I 

0,,300/ ASCI I IFGHIJI 
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IM current cgntexti the following Instruction sequence is executedj 

J,, 100/ MOVRl 1,5 jSource lenytn 

i,,10i/ DHoVfc; 2, 1440740, ,200 jSoqrce HP {word 1) 

400000, ,300) tsource Hp (word 2) 

J, ,102/ MOVfl 4,b jOestination length 

i,,103/ DMOVt 3, {440740,, 400 lOestinatlon HP (word 1) 

400QQO,,500I jDestJlnatlon HP (word 2) 

3,, 104/ l^XCT 2,ft*XTf:Nt) 1,6001 fPXCT the MUVSLJ 

J,, 600/ MOVSLJ lExtended opcode Is MUVSt-J 

i,,601/ iFlll Character Is 

in ttils example, the "E2" l>lt is set In the I'XCT AC field, which 
Indlcntes ttiat the source EAwcalc and string reference are to t>e wade 
to previous context, Conversely, the "U2" bit is ott, which indicates 
thdt the destination EA»cdlc and string reterences are to he made to 
currefit context. 

Because the 80urce«pin«.prevlou8 control tilt Is set In the PXCT AC 
(leld, the test tor the Possibility o£ a glot<al source byte pointer is 
made hased on PCS, In this case, PCS is zero, so bit 12 Is ignored in 
the byte pointer and it la Interpreted in one~word local £or»«t, The 
byte poititer KA-calc results In a,, 200 laiCAl, in previous context, 

On tfie other hand, the destinatlontlni-prevlous control bit Is not set, 
so tUe test for the possibility ot a global destination Myte pointer 
Is f^ade tuisfid on f'c section, Since Pc section is non-2ejro and Mt 12 
it set, the byte pointer is interpreted in twowword global format, and 
the byte pointer t-Awcaic results In 3,,tJ00 local in current context, 

The result is to transfer the string "AHCDE" from previous context 
Jocation 0,,200 to current context location J,,5oo, 

When a MOVflLJ InstfUctlpn Is I^XCTed, the tept tor the 
PQlslbiUty ot a 9lob«l byte pointer Xi done ba»ed on FC 
section it the appropriate pxCT control bit is ott, it the 
l»it is an# the test is don* based en f*cs, 
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11,1 sumwaiy 

The KCiO processor Ithpieinents several kinds olE system timers using a 
cowbltiatlon ot (lardware and microcode assistance. There are three 
Kinds ot titiiers Implententcd in the basic CFH, as follows: 

1, Tinie base clock 

2, fnterval timer 

3, User rufitiifte meter 

m additiom the console contains a buttery bacKedwup tiiBe^of»year 
cjQCK thflt ran be used tp maintain the correct time through a power 
failure, 

unllktf the KL10# the clocks on this machine >Hil never update 
locations in tnettiory unless requested to do so by the appropriate 
instruction in the ifionitorg 



11,2 Time clocks 

The tinte base and tite user runtime meter are returned as a double 
prtclsion integer with units of l microsecond, Both nave tfie 
toliywlntj forii-ati 



iBBSBSSSaB>SSSCSWSaSaC«»SBSEXaSKIiXBSBS«BBSB«S3SSSSSXa«BS t 

J High order Part ot count in microseconds i 

l^ --i 

iOi Lo« order part ot count in i«lcroBecor>ds i 
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Time clocks 



Ut2,l Time Base 



The tl,i»«f base Is iBiplemented as d 72»bU (two word) register In 
ihterriiiJ f-UJUX storaqe, and a i<j bit harclwar^ counter which coursts in j 
wicrosecohd units. The hartlware counter requests a microcode 
interrupt approxintately every milUsecond and the microcode reads and 
zeros the counter and updates the 72»hit redlster with the accumulated 
count. The 72-hlt register is ajso updated from the hardware counter 
when tt HUTiMi-,; instruction is done, 

The ti'fe base is controlled by the WKTmh and KPTmu instructions arui 
way be read with the HUTlMt instruction, 

The counter will ovrrflow every 7,47 E7 years. 



H,2,2 User Muntlme Meter 

The user runtime weter Is ImpleHientpd in a m<irh#.r similar to that 
described tor the time base above, in tacti the same tfo-blt hardware 
countt?r is used tor both the user runtline meter and for the time base. 
As with the time hose, the user runtime meter Is a 72-hlt redlster 
fcept In Internal i:biix storaue. 

If the user runtime meter Is enabled, the count is maintained In the 
KWUX registers. When a context switch occurs as the result ot a whCTX 
instruction that changes the UKF, the 72»bit register is undated iron, 
the hardware counter, and the result is written into UPT locations 504 
and 505 of the previous user context. The new value of the user 
runtime meter is then loaded from UPT locations b04 and bOS ot the new 
user cotitext. This update process can be inhibited via a bit in the 
WHCTX aryument. 

If it is turned on, the user runtime meter counts during the time that 
the processor Is in user mode, it cat) also be enabled to count durlnd 
exec PI time and exec non»pT time, That is, It can be made to count 
wften the processor is In exec mode processing ar* Interrupt* or when 
the processor is in exec mode doing soinethiny other than processing an 
interrupt (e.g., paqe fall or Mi'Un processlnq), 

The user runtime meter Is controlled by the whacT and HDACT 
instructions and can be read with ttie HUiiHTM instruct Aon, 



11, i Interval Tiiner 

The Interval timer is used to supply a source of interrupts with 
programmuhie periods. It is implemented as a 12 bit hardware counter 
(different from the time base) that counts In JO microsecont* units, 
It can therefore count ar^d cause Interrupts of any Interval from lous 
to 40,ybiHs, 



iiVST|.JM TJMtHS 
interval Timer 



Faqe n «3 



When It Is enabled, the Interval timer counts up until the requested 
period is reached, sets interval done, and requests an interrupt on 
the ¥1 channel assiyned to It, The count is then autoBiatlcaUV reset 
to i«ro. If no interval period has hecn set, the interval timer can 
overflpWt Tr>is evet.t sets interval done, and requests an interrupt, 
As before, the count is automatical ly reset to zero. 



The ifiterval tiifer 
instructions. 



is controlled by the WHTMb, NDTMB, WHINT, and HDINT 






12,1 intrgUuctlon 

This cricipter discusses thr KClQ imp J ementat ion ot 
Interrupt, apd I/O pacje failure rsandUny, 



trap, Miiijn, Lui)U( 




liiHiu prpcessiny is done in the same manner as on 
included in this specification lor conipieteness, 



tr>e Kt*lo and is 



interrupt processiny is done via interrupt vectors in the id page that 
specify the address of Xpcw»llke blocks through which the interrupt is 
to be processed, 

1/u paye failure processing is done through a niocK ir^ the I/O page, 
The KC10 provides significantly wore information to the monitor than 
the Kl,10 did. 
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Trap function word 

12,2 trdp Kuriction Word 

tJl't/UWT iocations 421*423 contain a trap function worU that determines 
the action of the processor when It detects an arithmetic pvertlow» 
stack overflow, or trap 3 condition. 

The format ot each word is as follows} 

ll-NjHavi) i Function specific argument i 

The torfT^ut of this word Is as follows? 

0»l Kutiction code. This field Is interpreted as toUowsj 

00 Do nothing on trap condition (ignore) 

01 Execute Hiino (take new PC from function 
specific argument) 

10 Transfer control to exec/user depending on tr»e 

mode in vinlch the trap occurred. This 
functior> uses a l.t)UU*like block as described 
In the function specific argument below, 

it Heservert, 

2»5 Available to software 

u»35 Function specific arguwentt This field is used In a 
wanner specific to the function performed as followsi 

ignored for this function, 

1 New PC for the MUUO, 

This function stores only the program flags, 
CAB, PAH, PCS and the PC in UPT locations 
424*425, The opcode, AC, and effective 
address of the Instruction are not stored in 
UPT locations 42(t>«427, The new program flags, 
CAB, and PAlt are loaded from llpT location 430 
as In a normal Hijitu, 

2 Virtual address In the current corvtext 
(exec/user) of a 4 word l.fnjfi-f Like block, 

This function stores only the prograt" flags 
and the PC iti words o»l of the block. The 
opcode, AC, and effective address ot the 
Instructiofi are nut stored In words u and 2 ot 
the block, Tt,e new PC Is theri taken from thf 
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fourth word ot the block, 
3 Reserved, 

The torn-dt of the M)U(),Uke hioc^ used In tunctloti 2 is as foUowsj 




1 
2 
i 



5 b 12 U 35 

«9S«SSXSSSBSB3SSZZSaBaCSCCSS=SSSSSS8SSSSSSSSSSSSSSSSSSS; 

I'lags J 000 

000 } yc 



000 



Hsvd i New PC 

SSSSSaZSSSSasSSSSSBBSXXSCBSCSBOSSBSSSBaSSaSSSaSSSKSSSS 

5 U iS 



N O t P S 



1, The trap t and trap 2 flags are 
riever stored Jd the Muuu (function 
code I) or L<UU*ltKe (function code 
7) blocks when a trap is processed. 
It is the responsiUliity of the 
proqr^'i'' to detern'ine which trap 
condition occurred by supplying 
different new PCs for each possible 
condition, 

2, An instruction that causes a trap 
and also Jumps (e,y,, AuJA) stores 
the PC of the destination of the 
jump I not PC-fl of the Jump 
Instruction, 
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12, J Virtual Machine Siwulutlon Mode 

'IH« virtual machine simulation mode (VM mode) imiUetnented b»y ttie KCJO 
allows an operatiny system to risn 4 ^irpyrais in user mode in such a way 
that the program cannot distinyuish Its environment from a stand-alone 
exec mode machine. The primary use tor this mode if to aiio* a 
tttonitor to be tested and/or debugged on a timesharing machine in user 
mode by conceajlnM tfie fact that it Is indeed runnina in user mode, 

This mode is enabled for a user process with bit 9 ot word t; ot WHCTX, 
m order to do this, the EBOX microcode must generate an MUUU trap tor 
any instruction that differs between exep and user mode, It is then 
up to the (real) monitor to simulate the instruction properly to 
conceal the fact that tf>e program is really running in user mode, 

It VM mode is enabled tor a user process, the EBOX microcode win 
generate an hI'UU trap tfirougti the VM mode new PC word (location 4J1) 
in the liPT, There are four classes of instructions that trap through 
the VM rrode new PC word as follows; 

1, Any Instruction that would normally trap as an MUIIO througfi 
one of tf'e other Mfmn new PC pairs. This includes all 
unassigned opcodes, all legal Mhtins, all undefined rxTFNh 
opcodes, JSYS, 1/n instructions, ma^, jkst j, haU'I, xdfc:N, 

XPCW, UHiii to, JHaT 11, JfcN, JHST 13, JHST lb, and JUiiT 17,, 
This class of instructions is included because the new Pc 
word for MUUus is taken from different UPT locations based on 
Whether the MUno was executed in user or exec mode, 

2, XCT With non.zero AC, This class is included because XCT 
with a nonitzero AC in exec mode specifies a I'XCT, 

3, All i-UUOs, This Class is included because HJiiOs use blocks 
in either the EpT or upt based on whether the liUUO was 
executed in user or exec mode, 

4, PUSIIJ, vJSH, and JSP in section 0, This class is included 
hecaus*" the specified Instructions store the flays (with the 
user««(iiode bit) if they are executed in section 0, 
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12,4 Muiiu handUng 

MiiiH) tianuuny qn the KCtO is slgnit Icantly different £ro« that o£ any 
previous prpccssor, Instead at trie previous format oiE UFT Joeatlons 
424#427, the follpwlnq forwat is used to store the proyra* fXaqg, CA(.i, 
PAli, PCS, PC, Upcode, AC, and efiectlve address of the MUUOt 

12 ti 5 H 21 24 J5 

♦- - - - - — . — ..«♦ 

4241 J Hays | ooo {CAHiPAH } VCii { 

5b 3b 

♦* - - - »♦ 

425 J i 0000 i PC i 

♦ ,. — ..-«•.......«.........,....,........ -..— .• — ,^ 

17 tH 26 27 31 JS 

4261 t 0000 i n»>rf>de | AC J 00(i } 

^^••••■••. .».,..•...««•«•«■,.,,.««..,,.,«,,._,.. .,„,,,,,^^ 

!) b 38 

4271 • 0000 i t; I 
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The new current and previous AC blocKs# and the new proqram iJaqs ate 

loaded from the word at UPT location 43Q, the new pC Is taken troin 

one ot the words ot the dispatch vector heglnninq at Upi location 4i,l, 
based on the muud opcode and whether the Mtiuo was executed in user or 

executive mode. The dispatch vector consists ot pairs of words, one 

for user and one for exec, (location 431 is the exception to this 

rule) and contains S separate mUUO dispatches plus words reserved for 
future expansion, The dlspntct<es are as foUowsi 



Uffset Use 

411 instructions trapped in user mode as the result of virtual 
machine singulation inqde enabled. See the dlscussior> 
ahove, 

432»43J Upcode o arid all unussiyned opcodes iess than 700, 

434-135 Unassluned opcodes in the ranye 700»777 plus apy 
instruction that is executed in user mode without user T/t) 

enabled that requires user I/O, This includes all 

internal and external i/D Instructions, map, Ji'STf 

executed in a non^tero section, JHST 3, HALT, XJfeN, XPCW, 

Ji'aT iq, JHJJT n, jr.u executed in a nonwzero sectiori or In 
user (tiode, vJHST U, JHST lb, and JHBT 17,, 

436-437 Undefined EXTKND opcodes 

440»441 JSYS (Opcode 104) 

442*443 All other MIIUD oPCO^es U^ ^(^ ^ ^^' 

The format of these words is as followsi 

12 tH 21 24 35 

4301 J New flags \ Hsvd tCAHjPAHji Hsvd } 
4............... ..........,.............^ + 

S 6 3S 

4,.- — -*..—.....-..........................,......,....^ 

4311 } Msvd I User V^" mode instruction new PC i 

•ff.—.....................,,.,,.,,............,,,...,.,, j 

5 b A'^O'O ih 

♦ - -" — -- — ---.♦ 

4321 I Hsvd i Kxec undefined oPcode new PC | 

I.. .--......,.,-,,.,.......,......,.,..,... ...,..,,..,.^ J 

4331 i Psvd { liser undefined opcodf new PC { 

* • ■> --™^-- 
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5 & JK 

♦*"""■••-"----"-••••• — --•—--- — ---•--•----"-- — ---•»♦ 

4J4s I Hsvd J Exec undetlned l/u oPdpde new pC i 

{-.-—.—....«-.«.....«,..,,...,.,.,....,,.,..,..,,,.., I 

4i5i J Ksvd i User Undefined i/o ppqode ne" PC i 
♦ ' - ^— »^-...— ..,,♦ 

5 6 35 

436| i Hsvd i Kxec Undefined KXTKND opcode n«<» FC J 
J -- ..— .-.--..,-^ „i 

4371 J Hsvd J ttser undefined KXTKNO opcode ne* PC j 
**' — - -.-— ..-^»t 

5 6 3B 

440 1 I Hsvd J Kxec JSYS new PC { 

44Ji 1 Hsvd } riser JSY»S new HC J 

♦ - "^i 

S 6 35 

4421 } Hsvd i t.xec MUtjU ne* PC { 

443 J i Hsvd i User Muuu new ix j 

+ «——-—.- , -— ^.,+ 



the 



section 0, store the opcode, AC, and 
0«8, 9»12, and iBtJS respectively of 
Then execute tfie instruction 
executed in user mode uses virtual 
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LiHKJ ttundiing 

12,5 hUUQ handling 

it th« proyram is runnlny In 

etJEective address in bits 

location 40; clear bits li*M, 

contained in location 41, An I-Uliu 

locations 40 and 4t in the user program. An UUUo executed in 

executive mode uses locations 40 and 41 in executive virtual address 

spacei This action is identical to the KHO implementation, 

If tf)e proyratii is running in a nonzero section, use bits 6»3b ot HPT 
location 420 it the program is running In user mode, or fc.pT location 
420 If ttie program is running In exec mode, as the address ot a taiock 
Of four words, m tfie first three locations or tf)e laocK, store the 
program flags, opcode, AC, effective address, and PC of the LUUQ, 
Then taKe the next instruction from the location specified by bits 
ti»35 Of the fourtr* word of the block. In user mode, this action is 
identical to the KiJo implementation, In executive mode, this action 
is different trotn whut is currently docuiiie»>ted, Put identical to what 
the KMO actually iwpiements. 

The forn'dt ot the block is as followst 




I 
2 
3 



12 1i 17 1« 2C* 27 Jl J5 

|sSSSS3SSSSSSS3SSSSSCSSSSSSSSSSSSSB8SSS«S3CSXa!SSS8BSSSSS 

J ^'lags j ooo t opcode jAC { 000 

I — — — - -.—.., 



J 000 



PC 



I 000 t 

i»-^ ' 



E 



i Hsvd t New PC 

{sssssasBxsBftssssxsBSSsssrssssssssssssssssssaBSsssBssaiss 
5 6 iS 
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12,6 Trap enable 

HHtUH UUs 7 anrt B affect how the processor handles traps, tUlins, 
MiMJUs, und page tdils, Jti the monitor enables tuii Processing ot 
these conditions (by setting whebh aryuwent bits 7 and «), the 
microcode win process these conditions as described above, if the 
fliohitor disables tuli proccssiny of these conditions (the default 
PoWer»MP state of the wachine), the wlcrocod© wm propess them 
differently as described below? 

1, Traps, The microcode win treat trap I, 2, and 3 conditions 
as if the trap function word had specified "iynore trap", 

2, LUtJOs, LiJUOs executed in section zero (or in the low 25o«s 
With paying off} win be treated exactly as they are now, 
i,e,, they will store the MMfu in location 40 and execute the 
ifistructlon in location 4i, Note that IjINK stores a MAL.T 
instruction in location 41 when it loads proyrams, 

Iimns execut#»d in non-ozero sfTtlons win hrt!^ the mflrhine, 

3, MiiiiOs, MdhOs win halt thr riiacfilne, 

4, t'aye fails, Cage falls tttat toust be processed by the monitor 
will halt tfie tiiachine, paye falls that can be re»olved 
entirely by the EBOX microcode will continue to be processed 
normally. 

This special handling will cause the machine to halt when a condition 
for which the program is unprepared occurs Instead of doinq somethlnti 
unejjpected. As a resuUi conditions tor which the monitor is 
unprepared to handle will be detected early as the result of the 
condition instead of as a by»product of the condition, 
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12,7 interrupt vectors 

Ali ifiterrupts happen thrpuqh interrupt vectors locatetJ In the r/u 
page, A vector is a iO»bit Vxgc Virtual Address pointina to a 4«word 
block ttiut is sliwiUdr to a xrcw control biocK, Meturn trom an 
interrupt should t^e made by an XJKN instruction that addresses the 
same block. The saving and restoring ot the "previous" context is 
described in a preceding section. The r>ew context will be set up trom 
the xPCW control block. The action ot an interrupt cycle wilJ be as 
it an actual XPCW Mas executed with its FA taken trom the appropriate 
location in the I/Q pa<je» 



An Interrupt vector has the foUowlny torn»ati 
5 b 



IH 



fisvd 



Virtual Address of Xpcw block 



Mrierei 

0»5 Peserved 

b»35 Vector address ot control block, 



J2,B t/v page failure 



Afi I/O paqe tail can occur it the fi\^l)% microcode is unabje to tetch a 
word necessary to process an interrupt request. This condition can 
occur if; a hardware error or address break page tault occurs while 
read a port interrupt vector "Ord (I/O paye locations 
a port interrupt PI status word (I/O paqe locations 
or a software interrupt vector word (I/U page loeations 
It can also occur it a request to access one of the tour 
wprds poir^ted to by an interrupt vector page talis. In this case, the 
KBUX microcode qeperates an 1/0 page taUure, 



trying ty 
210.217), 
220-227), 
2JJ*237), 



This page tail will be sirnilar to a normal page tall trap, but the 
page tall intorfation is contained in I/U page locations 240»2Sb 
instead of in the UPT, The fcMOX stores a page fall word, reference 
address, PI status at the time of the failure, and the additional data 
words (identical in torwat to those stored by a normal page tail) in 
locations 240*244, The old PC dyubie wprd is stored in locations 
24S«24b and t^e nfw nogratn flans, CAii, I'Au, and VC will tfien be taken 
troR l/u page locations 247*250 and the processor will resume 
execution at the PI level on which the failure occurred, 
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ThiJ forniat anU contents of wgrtis 240«24l and 243*244 are Identical in 
format to the words stored in uPT locations 450*4S1 and 45J»454 for a 
norwal puye tail. The fortnat of t^ese words is described in the 
chcipter on paging. 

The PI status stored in word 242 is identical in tormat to that 
returned l^y a HWl instructiont 

The lormat ot the l/U paqe tail locations in the I/O page is as 
toilowst 



12 1 J 17 IH 21 24 35 

iSKSSSCSBSEBSrSSSSSZSSCSXSSaSSBSSSSCSSrSeSSSBXSSSSZBSSSB 

240 { I/D [.jcje fali word 

i»-? —.—.....,.,.,.-.- , .., 

241 I 0000 1 Helerertce address 



242 

243 
244 
245 
24^ 
247 
2faO 



HDP J at I/O paye faij, 
Afiditlonal data wpfH 1 



Additional data word 2 



i* latjs 



l*"- - 

t 0000 { 



J 000 iCAbJt'Ah i PCS 

1/0 paqe tail old I'C 



Mew flags 



i HSVd JCAfJJl'AU t 



nsvd 



I** 

i Psvd I i/D page fail new pq 

|BBS«S«SSBBSSSSB8BSSSBSSSSSSSBS3SS8SBXBSSiCB8SSBBSXSSS8BB 

ti b 12 13 17 18 21 35 



12,9 Interrupt request protocol 

When a Port wants service from the CPU, it roakes an interrupt request 
ori trie Pi level assigned to it Uy the ».lo proyraMi, This request is 
made uslnti a protocol that is described here, 

When a port wants interrupt service troro the cpu, it doeis the 
foilowinyt 

1, It writes ttie current contents of the port status register 
into word 4 of tlie port's Heqist*?! Access block 1 1» the l(i 
paqe. 



2, It pertortns a read»lnter 1 ock request on the Port PI status 
Word in the lU paye (words 220'»227) correspondinq to the Pi 
level on which the interrupt request is Pelny made. Trie Port 
PI Status Words are Indexed hy PI level, so a port waKlny an 
interrupt retjuest on P) level l would rend-ilnter lock word 221 
01 the 1!! fjayc, a port maklny an Interrupt request ori pt 
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level 2 would re«d»lnterlock word 222, etc, 

3, It sets the bit corresponding to the number o£ the port 
makiriy the requtst and then writewfeieasei the word tiack Into 
ttie jg paye. 

The Port VI status word has the foUowlnq f.or«at| 

jssssssscsiiSssssssBSsaessvscasxsssKBssssssssssssssSBssa*! 
it'Jt^il'it'iFjPJPJPl Must be I 

iOJU2i3Hl5}6l7i isero i 

lBS8SSSSSXSSSSBKCKKSSSS«XSSSSVSSSSKBSSBeSSSSSSBSXSSBS8««| 

012345678 3S 

where uit corresponds to port o, ult l corresponds to port 
1, etc. It Is Important that the port set no otf»er hits, 
Ir^cludlriy bits 8»ib which must remain zero, 

4, The port tlien asserts the Jiurdwcire it)terrupt request line tor 
the Pf level on which the Interriinf rfMU«»st is hftrwi madp^ 
This line remains asserted until the pro«ira» runnlnq in thr 
•jO Clears the condition cuusiny the interrupt. 

When the KCIO microcode decides to service the Interrupt request, it 
does the loUowinyi 



1. 



2. 



3. 



It reads trom the 

corresppndlny to ttie 



JO page the 
VI level Which 



Hort PI status 
Is being serviced, 



Word 



Hy looking at the bits set In the Port i>l status Word, the 
microcode can determine wtilch ports are requesting Ijjterrupt 
service at triis Pi level, The microcode selects the port to 
be serviced and starts the Interrupt sequence using the 
interrupt vector word corresponding to the port number from 
fO page locations 210.217, The Port Interrupt Vector words 
are indexed by port number, so an interrupt sequence tor port 
Would use word 210, an interrupt sequence tor port i would 
use word 2J1, etc. 

The interrupt service routine In the -10 processes the 
interrupt request, when done, the Interrupt service rputlne 
requests that the port clear the interrupt condition by 
issuing one or more register write commands through the 
f^egister Access Block tor the port being serviced. 



When the - 
tiort does 

t, 



■10 requests that 
the fol lowlnqi 



the port clurff the Interrupt condition, the 



rt periortns a read-interlock request on the Port PT Status 
Word In tr)e iD page corresponding to the Pi level on wlilch 
the original interrupt re<juest was made. 
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2. 



3. 



Tt Ueasserts trie hardware interrupt request line 
level on which the griQinal interrupt was made, 



for tjie PI 



It clears the hit in ttie Pprt PI 
the tjuroher of the port and then 
into the 10 page. 



atatus Wgr<J eorrespondinq to 
«rrite»reieases the word hack 



Note that t»'e Port P! 
never ^'V t>te KCIO 
Ueterwine wftich ports 
The microcoUe does 
interrupt request, 



Status Words are written only hy the ports arid 
microcode. The tnigrocode uses the words only to 
are requesting service at a particular PI le?vel, 
not clear the bit ot the port when it grants the 



ClIAMTKH t3 
MTSCELLANY 



This Chapter contains mlseellaneous Information atsout the KCto that 
tJousHift tit anywhere else. 



13,1 Halt status codes 

wrien ttif FDUX microcode halts the FH(3X for some reasoti, it stores a 
halt status code that descrihes the reason for the ttalt, This ood« 
fan tjt' rttricved by ttie console and printed on tne CT5i wfien a tialt 
occurs. Note that such a code is not stored on ttn tfiUX fiaXt that 
wasnit caused by the f:HOX microcode, The hait status codes are as 
tollawsj 

The processor executed a Uhh'T (JHST 4,) instruction, 

1 A nonwzero sectign tUUU was executed and trap enable was 
oft in the WHKUM aryu«tent word, 

2 An MUliO Was executed and trap enahle was off in the m^'iW 
aryument word, 

i A page fall that must he resolved by the monitor occurred 

and trap enable was oft in the WHf!:BH argument word, 

4 An llletial destination address was generated from tUOX 
dispatch 67, tarly decode hits 4»b are prohat»iy incorrect 
for the instruction being executed, 

5 A MUVaxx (nemory read that previously caused a page tauit 
did not do so when the reterence was retried, 

fi A MOV.SXX wetnory write ptiqe failed, 

7 A paye fault qenerated ad the result at a pfiysical iHeniory 

reference didn't result in a monitor page tail trap. Ail 
page falls that can result from a physical refererice 
should require monitor Intervention, so the page fault or 
the page fail Word was Illegal, 



ftalt stcJtus codes 

10 Ah Interrupt was requested on Pi level o, 

n The PBUX microcode was trapped to an unlmplemented (777x) 

ffiicrotrap vector* 

i2 Trie determination ot the reason for an lUOX trap tp fc:uux 

with EHux dispatch 2b resuXtetJ in an iUecjaJ trap reason 
(no reason hits wore Indicated in the dispatch), 

li The thOX nilcrocode page fail handier attewpted to decode 

the reason £or the paqe fall from the paae fall word 
supplied to It and couldn't find a reason for the fault, 
Tfie paqc fall word was prohahiy luegai, 

I* An Instruction that Is currently unlwplemented In tt»e KhOX 

microcode was executed. 



li,2 Physlea] rA«ce»lr 

Certain classes of instructions (pMUVh, PMUvfc:, and the queue 
Instructions) perforw a physical KA,calc on the word addressed by K to 
produce u 25 hit Physical address, ihls physical adUress is then used 
to reference data in physical Hteniory* 

Tf>e pjiyslcal KA.calc evaluates a Physical RA.calc word, A physical 
KA^calc word is very similar to a virtual tif'iw word and looks as 
follows? 

|a|s«86S:xSSSSSSSSSSES8aSSS«8CCSSSS3SBSS8SSSB8SSSSS8SSSSSl 

iO|0| XH i ¥ i 

t«1ia[||SSSS8YSSCaSCSSSCXSSS«8CSeSSSS3S8SBS8SS«SS88SS«BSS«sI 

12 5 6 ja 

«Us 2«i) of the physical EA»calc word are the Index register address 
and hits fc-^'J are the ptjyslcal memory address Y, The Physical 
effective address is y alone If XF Is aero, it XF< Is non^zero, tr>e 
contents of the Index register are added to Y to produce a 26 Mt 
physical effective address, A physical effective address In tJie ran<je 
0»17, Inclusive, addresses physical memory locations 0-17, not the 
ACS, 



Bits dPd J ot the KA-scalc word must he zero and the execution 
instruction win generate a paye fall if tjjey are not. 



of trio 



CHAPTK'H 14 
St'KCUli SYSTh'M PACKS Ct:P'f / UFT / IDP) 



rt>e followlnij i-jPT/Ut'T layouts arc proposed for the KCtO, In addition, 
there is a new page called the 1 /I) paye (lOP) that Is used t-y the KClo 
ports QtMi the console for communtcdtlon with the CPP, 

UpUP processor reset » the base address of the tPT and UPT will he 
reset to paye u atid the I/O page will he reset to paye i, 

NOTF 

All areas that dlCter from the KHO are 
ittarked with an asterisk (,*)» 



TD{^S»20 paqlntj executive process table conf luurntloii 

le3SSSSSSBSS«SBvSX8eSBS«SSSSSSSSIBS8S:S333«SS«SSSSCSSSXSBlEi 

t J * 

» i 

I Heserveu \ 

^ \ 

i i 

117 1 I 

I •--•.••...•.-«.,..,...,.,,.......,.,.,.,,..„., ....,^,^ J 

*20 1 Address 0* exec UWn) bioCK i 

*-— I 

42J { Kxerutlvc orUhfiietlc overflow trup function woid i « 

i— - - ---..— ™.-.— -..-.-. i 

422 J Hxecutive stack overtlo* trap function word i * 

J— - - -— { 

423 J Executive trap J trap function *ord j « 

{" - - 1 

424 I t » 

N Meserve<i S 

517 { ; 

I *J 

S2Q J Executive super sectlofi Pointer i * 

S27 J f':xecutlve super section 7 pointer | 

930 } } 

V HeservecJ \ 

5i7 I ^ 

1' - — " -^ - — ^t"! 

•i40 i Executive section Pointer (KL oompatiuie paging) I 
\ \ 

b77 J f-'xecutlve section 37 pointer {Kh conipatlUle paging) 1 
<-" - — .-.....} 

J I 

N Heserved N 

^ \ 

t 1 

777 t J 

iBSXSSCSS = SS3SCSSSSSSBBXSSSSSrSSSSSSSBSSSSSSSSSSS3!8«SS83i 

Ttiese locdtior.s die di>scrlPcU it. fiort Uet.*ii! on thr foliowinu paqe. 
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420 



42l»42i 



Address o£ exec LUUt) Mock, Exec Ijiinas executed with FC 
section npnwzero art? processed ttirouqh the fourwWord IjIiuu 
block whose iO^hit virtual adtiress is contained in this 
word, Kor more informdtlon on the format of the fourwword 
blocK, see the chapter on Trap, uno, and Interrupt Mandliny, 

Kxec trap function words tor trap 1, 2, and 3, These 
function words are interpreted to process exec trap J 
(arithmetic overflow) # trap 2 (pushdown list overflow), and 
trap 3 exceptions, Kor more information on the format of a 
trap function word, see the chapter on Trap, UUQ, ar»d 
interrupt Handling, 



•j20w3?7 h'xec super section pointers, 
scftion pointers for exec 
information on the format of 
tr)e chapter on Payin*}, 



These words contain the super 

super sections o»7, Vox wore 

a super section pointer, see 



!>40»577 Kxec section pointers, These words cofstain the sectioii 
pointers for exec sections 0»47 when trie processor is 
runnind with KL conipatlhie pauin^ enabled, tor nor<-* 
information on the format of a section pointer, see the 
chapter on fa'liny. 
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TUrs»20 paging user i>roce5s table contlMuratlon 



4J7 

420 

421 

422 

423 

424 

425 

426 

427 

430 

4Jt 

432 

433 

434 

435 

43b 

437 

444) 

441 

442 

443 

444 

IbO 



SBSSSSSSSSSS3SSSSSS3SSSSS:S£SSS«SSS8CSS«SSXSS3SS3S8«3««S 



Heserved 



Address Qf user lAHJU bJoCK 



tiser arjLtlinietlc yverfiyw trap iunctiyn wurd 



User stack overtipw trap function word 



User trap 3 traf> function word 



MllUd flatIS, CAB, PAB, and PCS 



MUtiO old PC 



Mtiuu opcode and AC 



Miiiio effective address 



mm new flags and CAB 



User VM mode Instruction new PC 
fxec undefined opcode new PC 



User Undefined ppcode new PC 



txec undefined 1/n opcode new pc 



User undefined* I/" opcode new PC 



^;xec undefined KXTfiND opcode new PC 



User undefined tXTFINu opcode new PC 



fe;xec Jsva new pc 



User JilYiJ new PC 



f'xec wiiiK) ,18* PC 



User Huut) new pc 



Heserved 
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4&1 
4!>2 
4|i3 

4b4 

4b5 

4&6 
4t»7 

460 
4bl 

402 
503 

504 
505 

500 

517 

52U 

527 

SiO 

Si7 

540 

577 
(lOO 



777 



I'age fall code 



I'aqe fall yMA 



Page laij PMA 



Vage faii additional data word I 
Page fall addltigndi data wortJ 2 



Paqe fail old PC 
double word 



Page fall new PC 
double word 



Hcservcd 



Hser ruDtlirfC meter 
(1 microsecond timer) 



Heserved 



User super section o pointer 
User super section 7 pointer 



Heserved 



User section pointer (KL oowpatlble paging) 
User section J7 pointer (Kl compatible pacilntj) 



Heserved 



XSXSXSS3SSXSSXSSXX=S=8BSSSSS3SSSSSSSSSSSS«SaSSSSS3SSSSS 



These locations are described in more detail on the foUowlnq p«Me, 
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420 



4:21*42i 



124"'44J 



4»>l»46l 



Address ot user LUUO block, user LUUOs executed with PC 
section non»zerq are Processed through the tour word liiint) 
Lilock whose JO»bU virtual address Is contained In this 
word, Kor more intorffiation on the tor«'at o£ the four word 
Ulock, see the chapter on Trapt iWU, and Interrupt Handling, 

user trap function words tor trap l, 2, and 3, These 
function words are interpreted tp process user trap 1 
(arithmetic overflow), trap 2 (pushdown list overflow), and 
trap J exceptions. For more information on the format of a 
trap function word, see the chapter on Trap, UUU, and 
interrupt ttandUna, 



Muun t*rocessing locations, ThtJse 
process user and exec Muuus, For 



locations 
the format 



are used to 
of each word, 



see the chapter on Trap, imu, and Interrupt MantJllng, 

page fall processing locations. These locations ar"^ used to 
process user and exec page falls, Kor ttie format ol cich 
word, see the char)ter on Maulnu, 



504-505 user runtime meter. These locations contain the current 
value ot the user runtime meter counter tor this process, 
ihc user r^Jfitlwe titcter is a one inicrosecond counter 
Hidlraained by t^'e Itardware arid microcode, lor more-' 
information on the format of these words, see the chapter on 
system Timers, 

li20«527 User super section pointers. These words contain the super 
section pointers for user super sections Ot.7, For more 
inforf'iation on the forsiat of a super section pointer, see 
the chapter on Paging, 

540»577 user section Pointers, These words contain the section 
pointers for user sections 0«37 when the processor Is 
running with KL compatible paging enabled. For more 
information on the format of a section pointer, see the 
chapter on Paging, 



at^tciAL sYSTKf' FAc;e,{; (Kpt / upr / luv) 
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1/ti Page 



77 

\0Q 

200 

201 

202 

203 

207 

210 

217 
220 

227 

230 

231 

237 

240 

241 

242 

243 

244 

245 
246 

24? 
2&0 



iBSS.SSSSS$SSSS«XSSSS3SiSSaSBZSSXSSS8SSS3SSSS«3SBSSSSSSSSS 

} 

\ 
\ 

i 
I 



Port register access blqcKs 
(8 words per Port) 



I 
\ 

f 

f 

I — 

i 

l"- 

t 

I" 

i 

\ 

I 
> 

1— . 

I 
t 

\ 
s 

J 

I 
s 
\ 

J 



Heserved 



APH Interrupt vector 
Interval tiwer interrupt vector 



Heserved 



Port interrupt vectors 
(1 word per port) 



Port lnterrur»t Pi status words 
PI levels 0«i7 

(Microcode use only) 

Port write release Word (microcode use only) 



Software interrupt vectors (Pi levels !-7) 



T/(i page faij. word 
1/0 paqe tail reference address 



Ht>Pl at t/u page *aii 
1/U page fall additional data word 1 



1/0 page fail additional data word 2 

I/O page fall old pc 
double word 



1/0 pa«je fall new PC 
double word 
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2b 1 








?b7 








2e>o 












207 








270 








J77 








400 





















777 J 



Heserved 



Port seltwtest words 
(I'ort use only) 



Meserved 



Cofisoie communications 

region 



I Bss«B««BcassKsxaa«s««Kaae«8«Bsss8«BeB3rBBss«SKssss 



BBSBB 



Th«se U'catiotis ar« descrlt^eU in more detail on the foilowinq page. 



iJt'KClAL SYSTI'JH tA{;t:s (EPT / IJPT / liW} 



Paqe lAm'i 



Qmll 



201 



202 



210»217 



220.227 



I'ott register access blocks. These iacatlons are logically 
UivlUed into » blprKs of 8 word each, with one Uiock for 
each port. The blocks are indexed hy port number with port 
using blocK (words 0«7), port 1 using block i (words 
I0pt7), etc. 

The register access blocK (or HAB) is used ds part ot the 
con'funications protocol between a prograw running In the iirio 
and the ports. When a program running in the wio wants to 
issue a command to a port# It first stores the command in 
one of the words of the HAH for the port and then does a 
RNGB instruction, hepending on the command, the port may 
return information in another word in the HAU, 

The register access blgcK definition may differ for each 
adapter {althougfi there are common definitions for existing 
adapters), Kor the exact usage of eact) word in ttie HAU, see 
the spec for the specific adapter In question, 

APH Interrunt vector. This location eonfalns the lnterr»jpt 
vector word tor interrupts requested by the APH as the 

result of an enabled App flag bit setting. The flag bits 
ore tjlven- In the description for the Wfa*»H and HPApp 
inst-ructlotis, tor '"ore inforHiation on tfie format of a 
interrupt vector word, see tlse cfiapter on Trap» nug, 
interrupt handling. 



and 



interval timer Interrupt vector. This location contains the 
Interrupt vector word for Interrupts requested hy the 
Interval timer when the current count equals the Interval 
period or when It overflows, Kor more lntor»atlon on the 
format of a Interrupt vector word, sec the chapter on Trap, 
UUo, and Interrupt Handling, 

Hort Interrupt vectors. These locations contain the 
interrupt vector words for each port. The locations are 
indexed by port number such that port uses word 210, port 
I uses Word 2tl, etc, Kor more information on the format of 
a interrupt vector word, see the chapter on Trap, nuo, and 
interrupt Handling, 

Port interrupt Vl status words. These locations are used as 
part ot the Interrupt request protocol between the ports and 
the KCIO microcode, I he locations are Indexed by Ml level 
such that pi level (not currently used) uses word 220, pr 
level 1 uses word 221# etc. 



these locdtloris are written only by the ports and road by 
the KCIO microcode. They should never be wrlttcfi by the 
program running In the ,10 or by the microcode, t-or a 
description of the use of these words In the interrupt 
reqtjfst protocol, see the chapter on Traps, 'Uio, and 
Interrutit iiandllng. 



SPECIAL SYSTfc-M V^Giia (KpT / IJPT / lOP) 



['aqe t4«10 



230 



Fgrt wrlte»releasc wgrd, rnis location Is used by a port to 
perfprni «j writo-»release to tree up trie Mbox primary 
interlock, it is used only when a port cannot do a normal 
wrlte«release to tue queue header word after obtaining the 
primary interiocK wUh a read.inter loci? request, This 
location may be used by any port and the data stored is 
UfuJetined, 



23i»237 



240»25U 



2fe0"'267 



sottware interrupt vectors. These locations contain the 
interrupt vector words for sottware interrupts requested as 
the result of the proaram running in the wlO issulnci a WKPI 
with bit 24 set, the locations are indexed by HI level 
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